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Wrist ligament injuries are common af-
ter trauma, especially when concomitant 
dislocated radius fractures are present. The 
diagnostics of scapholunate (SL), lunotri-
quetral (LT) and triangular fibrocartilage 
complex (TFCC) injuries are challenging 
and most often dependent on magnetic 
resonance imaging (MRI) examination or 
invasive arthroscopy. In some circumstan-
ces, missed ligament injuries can lead to 
devastating sequelae, in terms of pain, re-
duced grip strength, range of motion and 
subsequent degenerative arthritis. In cer-
tain cases and under certain conditions, 
the choice of treatment for wrist ligament 
injuries can sometimes be the subject of 
debate. 
An updated review of the diagnostic ac-
curacy, a higher awareness of the injuries 
among orthopaedic surgeons, a surgically 
adaptable classification of the injuries and 
objective and clinically easily adapted di-
agnostic tools are essential. 
This thesis demonstrates that a negative 
result from MRI cannot rule out the pos-
sibility of a clinically relevant injury to the 
SL ligament, the LT ligament or the TFCC. 
Clinical provocation wrist tests are of li-
mited diagnostic value. The current gold 
standard, wrist arthroscopy, remains the 
preferred diagnostic technique with suffi-
cient conclusive properties when it comes 
to wrist ligament injuries. Due to low ac-
curacy and high costs, MRI can most often 
be abandoned, when it comes to wrist liga-
ment injuries. The cost of wrist MRI is three 
times higher than that of a clinical exami-
nation at the Hand Surgery Department, 
Sahlgrenska University Hospital.
The thesis emphasises the increased di-
ligence required when dealing with wrist 
trauma in children and adolescents, as a 
substantial amount of delayed presentation 
of distal radio-ulnar joint (DRUJ) instability 
after wrist fractures or sprains in children 
and adolescents is found. The most stri-
king finding is that several children and 
adolescents present with DRUJ instability 
with isolated TFCC tears. The long delay 
from injury to diagnosis and the severity 
of the injury in terms of solving the DRUJ 
instability problem among young people is 
also interesting and somewhat surprising.
Four distinct SL injury types can be iden-
tified and classified. This classification can 
be used in both open and arthroscopic 
surgery and in acute, subacute and chro-
nic injuries. An arthroscopically assisted SL 
capsuloplasty and suture may not be pos-
sible in all patients, particularly not when 
the ligament has been completely avulsed 
from the bone (in approximately 60% of pa-
tients; Andersson-Garcia-Elias Type 1 and 
2), leaving no ligament remnant on one 
side. Most patients with an SL injury will re-
quire ligament re-attachment techniques 
using transosseous sutures, bone anchors, 
or ligament reconstruction.
ABSTRACT
Distal radio-ulnar joint instability with an 
arthroscopically confirmed TFCC injury is 
associated with a 30% loss of pre-operati-
ve peak torque strength in pronation and 
supination – a measurement technique 
easily adapted in the clinical pre-operative 
setting.
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SAMMANFATTNING PÅ SVENSKA
Ledbandsskador i handleden är vanliga 
efter trauma och särskilt tillsammans med 
komplicerade handledsfrakturer. Diagnos-
tiken av skador på en del av handledens 
ligament är speciellt svår. Det gäller inte 
minst de  scapholunära (SL)- och lunotri-
quetrala (LT)- ledbanden samt triangulära 
fibrocartilaginära complexet (TFCC). En 
systematisk klinisk undersökning, mag-
netkamera (MRI) och framförallt titthålso-
peration (diagnostisk artroskopi) krävs för 
att ställa rätt diagnos. Missade ledbands-
skador kan leda till svåra följder i form av 
smärta, nedsatt rörelseomfång, nedsatt 
kraft och efterföljande slitageutveckling i 
brosket (artros). Behandlingsmetoderna av 
vissa ledbandsskador är också omdebatte-
rade. Behovet av en uppdaterad genom-
gång av den diagnostiska säkerheten, ökad 
uppmärksamhet på skaderisken, förbättrad 
klassifikation av skadorna, samt bättre ob-
jektiva undersökningsmetoder är uppen-
bart. 
Denna avhandling visar att uteblivna fynd 
vid MRI-undersökning inte utesluter före-
komst av  allvarliga skador på SL-, LT- el-
ler TFCC. Kliniska undersökningsmetoder 
är också av begränsat diagnostiskt värde. 
Handledsartroskopi är fortfarande den 
säkraste metoden för diagnostik av hand-
ledens ledbandsskador. MRI med fråge-
ställningen ledbandsskador bör undvikas 
på grund av den dåliga diagnostiska sä-
kerheten samt på grund av kostnaden. MRI 
kostar tre gånger mer än en noggrann kli-
nisk undersökning av en erfaren specialist 
i handkirurgi. 
Avhandlingen belyser och betonar också 
behovet av ökad uppmärksamhet avseen-
de handläggning av handledsskador hos 
barn och ungdomar. En relativt stor andel 
av dessa uppvisar kvarstående dorso-ulnar 
handledssmärta och instabilitet i distala ra-
dioulnara leden (DRU) efter handledsfrak-
tur eller stukning. Avhandlingen visar att 
barn och ungdomar faktiskt kan ha isolera-
de TFCC-skador och att det tar mycket lång 
tid att diagnosticera och korrekt åtgärda 
dessa svårbehandlade DRU-ledsproblem.
Fyra typer av SL-skada kan identifieras och 
klassificeras. Denna klassifikation kan an-
vändas både vid öppen och artroskopisk 
kirurgi samt för akuta och kroniska skador. 
Artroskopisk kirurgi av SL-skadan kan en-
ligt denna klassifikation endast användas i 
ca 40% av fallen, eftersom cirka 60% utgörs 
av avulsionsskador med eller utan benfrag-
ment. Dessa skador (Andersson-Garcia-Eli-
as Typ 1 och 2) utan ledbandssubstans på 
bägge sidor kräver öppen återfästning med 
osteosuturer, benankare eller ledbandsre-
konstruktion.
DRU-ledsinstabilitet med artroskopiskt sä-
kerställd TFCC-skada är förenad med un-
gefär 30% minskning av vridkraften innan 
operation. Denna mätmetod är användbar 
och lätt att anpassa till den kliniska verk-
samheten.
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ABBREVIATIONS
4CF Four-corner fusion
APL Abductor pollicis longus
CI Carpal instability
CID Carpal instability dissociative
CIND Carpal instability non-dissociative
CT Computed tomography
DIC Dorsal intercarpal ligament
DISI Dorsal intercalated segment instability
DRUJ Distal radio-ulnar joint
ECRL/B Extensor carpi radialis longus/brevis
ECU Extensor carpi ulnaris
EDC Extensor digitorum communis
EDQ Extensor digiti quinti
EIP Extensor indicis proprius
EPB Extensor pollicis brevis
EPL Extensor pollicis longus
FCR Flexor carpi radialis
FCU Flexor carpi ulnaris
LRL Long radio-lunate ligament 
LT Lunotriquetral
LTL Lunotriquetral ligament
MC Midcarpal joint
MRA Magnetic resonance arthrography
MRI Magnetic resonance imaging
OA Osteoarthritis
PRC Proximal row carpectomy
RC Radiocarpal joint
RCPI Resurfacing Capitate Pyrocarbon Implant
RCT Randomised Controlled Trial  
ROM Range of motion
RSC Radio-scapho-capitate ligament
RSL Radio-scapho-lunate ligament (ligament of Testut)
RTq Radiotriquetral ligament
SRL Short radio-lunate ligament
SL Scapholunate 
SLL Scapholunate ligament
SLAC Scapholunate advanced collapse
STT Scapho-trapezio-trapezoid ligament/joint
T Tesla
TFCC Triangular fibrocartilage complex
UC Ulnocarpal
UL Ulnolunate
UT Ulnotriquetral
VISI Volar intercalated segment instability


DEFINITIONS
Accuracy The closeness of a measured value to a standard or known 
true value
Bias A systematic error or deviation in results from the truth
Carpal instability disso-
ciative
A major malfunction and instability of a joint between 
bones of the same carpal row (SL, LT)
Carpal instability 
non-dissociative
Midcarpal instability
Carpus Anatomical assembly with the carpal bones – scaphoid, 
lunate, triquetrum, pisiform, trapezium, trapezoid, capi-
tate and the hamate and their intermediate joints – con-
necting the hand to the forearm
Case series An uncontrolled observational study with no control 
group
Confidence interval A range of values within which it is possible to be sure 
that a whole population’s true value lies
Dynamic instability No permanent carpal malalignment exists – only under 
radiological stress and loading views a gap between car-
pal bones and/or a malalignment
Extrinsic ligament Radiocarpal and ulnocarpal ligaments, located between 
the radius/ulna and carpus
Heterogeneity Differences between studies. Studies not undertaken in 
the same way, or not according to the same experimental 
protocol
Intrinsic ligament Intercarpal ligaments, located between the bones in the 
carpus
ICC The intra- and inter-rater reliability and test/re-test of the 
measurements can be determined with the so-called in-
traclass correlation coefficient (ICC). The ICC is the ratio 
of the between-subject variability over the between-sub-
ject variability plus the within-subject variability
Incidence The occurrence of new cases of disease or injury in a po-
pulation within a specified period of time
Instability The patient’s symptoms of laxity (looseness)
Inter-rater reliability The degree of stability shown when a measurement is re-
peated under identical conditions by different raters
Intra-rater reliability The degree of stability shown when a measurement is re-
peated under identical conditions by the same rater
Laxity Looseness. Clinical appearance of instability
Level of evidence A hierarchical system grading different studies based on 
methodology in terms of quality
Meta-analysis A systematic review using quantitative methods to sum-
marise results
Negative predictive value The probability that subjects with a negative investigation 
truly do not have the disease or injury. For example, the 
probability of an intact wrist ligament given a negative 
investigation
Newtonmetre (Nm) A unit of torque, expressed as the energy expended, or 
work done, by a force of 1 Newton (N), acting through a 
distance of 1 metre (m)
P-value The probability of obtaining a result equal to or more ex-
treme than what was observed
Positive predictive value The probability that subjects with a positive investigation 
truly have the disease or injury
Prevalence The proportion of a population found to have a disease 
or injury at a specific point in time (point prevalence) or 
at some time during a given period (period prevalence)
Randomised clinical trial Level 1 evidence experimental trial, where patients are 
randomly assigned to different treatment arms and fol-
lowed prospectively   
Scapholunate advanced 
collapse
Wrist OA, following a specific pattern after SLL injury
Sensitivity True positive rate. Measures the proportion of positives 
that are correctly identified as such
Specificity True negative rate. Measures the proportion of negatives 
that are correctly identified as such
Static instability Permanently altered carpal alignment and kinematics, 
with no healing capacity or chance of reduction
Systematic review A literature study in which an explicit and reproducible 
methodology is used to answer a specific question by 
analysis of evidence
Ulnar impaction syndro-
me
The impaction of the ulnar head against the TFCC and the 
ulnar part of the carpus, resulting in progressive degene-
ration of those structures and dorso-ulnar pain.
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”Eκπαιδεύοντας 
το μυαλό, χωρίς 
να εκπαιδεύσουμε 
την καρδιά, δεν 
είναι καθόλου 
εκπαίδευση”
 Ἀριστοτέλης 384 - 322 BC
 Γεννημένος στη Χαλκιδική
 
”Educating the mind 
without educating the 
heart is no education 
at all”
Aristotle 384 - 322 BC
Born in Chalkidiki, Greece
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1.1 Wrist ligament injuries 
– overview and incidence
There are 20 anatomically 
distinct and in most persons 
consistently present ligaments 
in the wrist, all contributing to 
the integrity and stability of the 
radiocarpal (RC), midcarpal (MC) 
and distal radio-ulnar joints 
(DRUJ). 
The most important of these are 
the scapholunate ligament (SLL), 
the lunotriquetral ligament (LTL) 
and the triangular fibrocartile 
complex (TFCC). These three li-
gaments and their injuries are 
the focus of this thesis. The SLL, 
LTL and TFCC are the primary 
main stabilisers of the wrist and 
also the most studied of the wrist 
ligaments.
INTRODUCTION
24
Figures 1. Schematic representation of the most consistently present dorsal (A) and volar ligaments (B) in 
the wrist (R= radius, U= ulna).
Copyright © Jonny Andersson
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Figure 2. Combination of arthroscopically diagnosed injuries to the intrinsic ligaments (SL, LT) and the 
TFCC in 316 patients, with concomitant distal radius fracture; 234/316 (74%) had some ligament injury. A 
summary of the findings in the following five studies with sufficient data; Fontes et al., 1992 [78], Geissler 
et al., 1996 [92], Lindau et al., 1997 [138], Richards et al., 1997 [183], Araf et al., 2011 [24] is shown in this Venn 
diagram.
Wrist ligament injuries, especially tri-
angular fibrocartilage complex tears 
(TFCC), scapholunate (SL) ligament 
tears and lunotriquetral (LT) ligament 
tears, are commonly observed after 
wrist trauma, particularly in asso-
ciation with dislocated distal radius 
fractures. More than 40% of dislocated 
distal radius fractures are in fact as-
sociated with injury to the triangular 
fibrocartilage complex (TFCC) [16, 24, 78, 
92, 100, 138, 153, 168, 183].
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The frequency of arthroscopically di-
agnosed wrist ligament injuries (to-
tal and partial), associated with distal 
radius fractures, reported in different 
studies is displayed in Table 1 below. 
Mehta et al. [153] differ pronouncedly 
from the other studies, by including 
SL and LT injuries stages I-II, accor-
ding to Geissler’s classification, i.e. 
very small and partial injuries. The 
difference in frequency in the other 
studies is mainly due to differences 
in age, type of trauma, type of distal 
radius fracture and the proportion of 
acute traumatic versus degenerative 
injuries. 
Wrist ligament injuries are often not 
discovered initially because of a lack of 
knowledge and experience on the part 
of the examiner, as well as difficulties 
in the diagnostic procedure. The cli-
nical diagnosis, including provoca-
tion and stability tests, is challenging 
and the radiological examinations 
have still not shown sufficient sensi-
tivity, specificity and accuracy [111]. In 
the acute stage, the diagnosis can be 
even more difficult, due to pain and an 
inability to perform provocation tests. 
Most of the patients with suspected 
carpal ligament injuries after an acci-
dent are not immediately referred to a 
hand surgeon for further diagnostic 
procedures [23]. This occurs in spite of 
the fact that many researchers [70, 88, 
89, 217] emphasise the great importan-
ce of establishing an early diagnosis 
to enable the direct repair of SLL and 
LTL injuries within a few weeks after 
trauma.
The most frequent complaint after 
distal radius fractures is ulnar-sided 
wrist pain [53], present in approxima-
Table 1. The frequency of concomitant SL, LT, and TFCC injuries in patients with distal 
radius fractures.
STUDY SL (%) LT (%) TFCC (%)
Hanker 1991 [100] 8% 12% 61%
Fontes et al., 1992 [78] 40% 17% 70%
Geissler et al., 1996 [92] 31% 15% 43%
Lindau et al., 1997 [138] 54% 16% 78%
Richards et al., 1997 [183] 18% 8% 40%
Mehta et al., 2000 [153] 85%        61% 58%
Ogawa et al., 2013 [168] 55% 35% 59%
Araf et al., 2014 [24] 37% 7% 77%
Mean (%) value 41% 21% 61%
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tely 20% of the patients [82]. Residual 
clinical symptoms after a distal radius 
fracture are common and cause sig-
nificant impairment in approximate-
ly 10% of all patients, regardless of the 
treatment given [1, 124].
Little is still known in terms of post-trau-
matic distal radius fracture-related 
problems in younger non-osteoporo-
tic patients [124] and children [31, 221]. 
Non-osteporotic patiens often suffer 
from more severe trauma, causing 
intra-articular fractures of the radius 
and associated ligament injuries. Ac-
cording to Hanker [100] and Lindau et 
al. [138], approximately 90% of disloca-
ted distal radius fractures in young 
non-osteoporotic individuals are asso-
ciated with a partial or total wrist liga-
ment injury, the most common being 
TFCC rupture. Traumatic lesions of the 
ulnar-sided portion of the TFCC can be 
critical to the stability of the distal ra-
dio-ulnar joint (DRUJ) and to forearm 
function, as these structures, particu-
larly the foveal insertion, are crucial 
for DRUJ stability and unrestricted fo-
rearm rotation [102, 213]. 
Isolated injuries to the TFCC without 
a fracture can occur after a twisting 
or rotation injury [6]. In patients with 
post-traumatic wrist pain, but nor-
mal standard radiographs, Adolfsson 
showed that approximately 40% had 
injuries to the TFCC [7]. Bergh et al. [40] 
showed that four out of five patients 
with normal standard radiographs, had 
pathological findings on MRI. Isolated 
SLL and LTL injuries also occur but 
slightly lesser frequently.
If the wrist is radially deviated at the 
moment of dorsal extension impact, 
a scaphoid waist fracture is likely to 
occur. If the wrist is ulnarly inclined, 
an isolated SLL tear occurs more fre-
quently. However, in some patients, 
associated co-existing injuries also 
occur. Complete SLL tears can be ex-
pected in almost 25% of the patients 
with a concomitant scaphoid waist 
fracture, according to Jørgsholm et al. 
[118]. In general, approximately 5% of 
“wrist sprains” involve an SL ligament 
tear [49, 116]. 
The mechanism of LT injury is gene-
rally thought to be multifactorial. In 
most cases, an isolated LTL tear is the 
result of a fall backwards onto an out-
stretched hand with the wrist in radial 
deviation, or it can be the result of a 
forced volar flexion [234]. The inciden-
ce of isolated LT ligament injury in 
wrist sprains is not known. The point 
prevalence of wrist ligament injuries in 
total is also not known.
According to Adolfsson and Povlsen, 
arthroscopy should be considered in 
patients with pronounced pain and dys-
function, such as pain, swelling, instabili-
ty and reduced strength, which show no 
sign of recovery a few weeks after a signi-
ficant wrist trauma [8]. 
Diagnostic arthroscopy should probably 
be performed within a few weeks after the 
index trauma in order to enable the direct 
HOW COMMON ARE WRIST 
LIGAMENT INJURIES?
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repair of potential ligament injuries within 
a reasonable time. Overlooked ligament 
injuries can subsequently result in persis-
tent pain, instability, reduced grip strength 
and range of motion (ROM), as well as se-
condary degenerative arthritis [49, 234, 241]. 
The diagnosis of TFCC, SL and LT in-
juries is difficult and challenging using 
non-invasive methods and it is a fact that 
orthopaedists and hand surgeons still do 
not know the most optimal treatment in 
many patients with wrist ligament inju-
ries.
1.2 Anatomy, types of injury 
and classification
1.2.1 Scapholunate ligament (SLL)
The scapholunate (SL) ligament is the 
most commonly injured intracarpal 
ligament [127]. The scapholunate liga-
ment (SLL) is C-shaped and has three 
structurally distinct parts; volar, mem-
branous and dorsal [35]. The dorsal part 
of the SLL is the strongest and the pri-
mary stabiliser of the SL joint and can 
resist forces of up to 260 N [88]. The 
avascular proximal membranous por-
tion does not provide any significant 
laxity restraint (63 N), while the volar 
part of the SLL (118 N) plays an impor-
tant role in terms of rotational stability 
[56, 57, 121]. The dorsal region of the SLL 
measures 2-3 mm in thickness and 
varies from 2-5 mm in length.
The vascular supply to the scaphoid 
and SLL is delicate. The main vascu-
lar contribution comes from the ra-
dial artery. Extraosseous vessels enter 
the dorsal ridge of the scaphoid and 
supply two thirds of the bone. There 
is some collateral circulation from the 
anterior intraosseous artery [93]. The 
vessels supplying the proximal pole 
also enter through the dorsal ridge of 
the scaphoid and have an intraosse-
ous retrograde vulnerable blood supp-
ly. It also appears that the radio-scap-
ho-lunate ligament (RSL) provides a 
vascular supply directed at the SLL 
complex [39, 110].
The radial nerve, through the poste-
rior interosseous nerve (PIN) and the 
superficial sensory branch, is a major 
contributor of innervation to the wrist 
joint. The PIN innervates the dorsal 
wrist capsule, the dorsal part of the SLL 
and LTL, as well as the dorsal radiocar-
pal and intercarpal ligament (DIC) [97].
There is a gradient of SL injury seve-
rity, when it is discovered. It ranges 
from occult, dynamic SL dissociation 
(gap), followed by carpal collapse with 
dorsal intercalated SL instability, final-
Figure 3. The SL ligament is C-shaped. Its dorsal (D)
component is the strongest. Copyright © Jonny Andersson
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ly ending up in the disabling arthritic 
(scapholunate advanced collapse = 
SLAC) wrist [127]. It often takes three 
to 12 months after trauma until dyna-
mic instability develops and SL dis-
sociation is noted radiologically (SL 
angle > 60⁰ and SL gap > 3 mm) on 
clenched-fist or ulnar-deviation ra-
diographs. For this development and 
progression to occur, an additional 
tear or gradual, continuous elong-
ation of the secondary stabilisers of 
the SL ligament is needed [202, 203, 
204]. The SL ligament is an intrinsic 
ligament (e.g. located between carpal 
bones alone) and the major stabiliser 
of the scaphoid and lunate, while the 
RSC (radio-scapho-capitate ligament) 
and LRL and SRL (long and short ra-
dio-lunate ligaments) are extrinsic li-
gaments (e.g. located between carpal 
bones and the radius and/or ulna) and 
important secondary restraints [202]. 
These and other secondary stabilisers, 
which can be examined during wrist 
arthroscopy, are the STT (scapho-tra-
pezio-trapezoid ligament) and DIC 
(dorsal intercarpal ligament), as visu-
alised in Figure 1 A and B.
A complete tear of the dorsal compo-
nent of the SL ligament and an addi-
tional tear or progressive attenuation 
of one or more secondary stabilisers 
will allow the scaphoid to rotate into 
flexion, while the lunate follows the 
triquete into dorsal extension. With 
time, this will always cause carpal in-
stability (CI), carpal collapse, dorsal 
intercalated segment instability (DISI) 
(Figure 4) and scapholunate advan-
ced collapse (SLAC) wrist [241] (Figure 
5 and Table 2).
Figure 4. DISI – dorsal intercalated segment 
instability with an SL angle of approximately 
90⁰. S =scaphoid.  L =lunate (green).
Illustration: Dr Per Fredriksson
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Figure 5. Scapholunate advanced collapse after 
an SL injury, with subsequent arthritic changes 
at the RC and MC joints (SLAC III).
Figure 6. Chauffeur’s fracture with concomitant 
SL dissociation.
STAGE I Arthritic changes and osteophyte formation at the radial styloid
STAGE II Arthritis at the radioscaphoid joint
STAGE III Arthritic involvement of the midcarpal joint (capitolunate and scaphocapitate joint)
STAGE IV Arthritis involving all but the radiolunate joint
Table 2. Stages of scapholunate advanced collapse – SLAC wrist (after Watson and Ballet).
Approximately 5% of all wrist sprains 
have an associated SL tear [49, 116]. SLL 
injuries are often associated with dis-
tal radius fracture (41% of the cases 
on average – see Table 1), particular-
ly fractures of the radial styloid, the 
so-called Chauffeur’s fracture [104, 180].
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Radial styloid fractures and scaphol-
unate disruption are common con-
comitant injuries. Mudgal and Has-
tings [161] retrospectively reviewed 11 
patients with distal radius fractures 
and scapholunate disruption. In their 
study, the radial styloid fracture was 
displaced in six patients and non-dis-
placed in three; they all had an SLL 
injury. The authors described how, in 
radial deviation and compression of 
the wrist, an impression fracture of 
the radial styloid occurs, followed by 
shearing of the scaphoid off the luna-
te, completing the SLL tear. 
An SL injury can be classified as partial 
or total and the degree of instability is 
arthroscopically classified according 
to Geissler; this is described in detail 
in the chapter on wrist arthroscopy 
(1.4.2) in Table 7 [92].
1.2.2 Lunotriquetral ligament (LTL)
The lunotriquetral ligament (LTL) is 
V-shaped and the volar part is the 
strongest region of the ligament. The 
volar part of the LTL is able to resist 
forces of up to 301 N and the dorsal 
part 121 N [89]. The volar region of the 
LTL measures 4 mm in thickness.
Figure 7. The LT ligament is V-shaped. Its volar (V) part is the strongest. 
Copyright © Jonny Andersson
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The vascular supply to the LTL is not 
described in detail in the literature, but 
the ligament receives its main blood 
supply from the volar capsule and vo-
lar-ulnar ligaments.
The median nerve, through the ante-
rior interosseous nerve (AIN), contri-
butes to the innervation of the central 
two-thirds of the volar wrist capsule 
(including the volar part of the LTL) 
and the RSL ligament, which in turn 
supplies the innervation to the volar 
aspect of the SLL [97].
The most important secondary stabi-
liser of the LTL is the RTq (radiotriqu-
etral ligament). The LTL is an intrinsic 
ligament and is composed of three 
parts; the dorsal and volar ligament 
parts, of which the volar ligament 
part is the strongest [234], and a wed-
ge-shaped proximal membrane. The 
different parts of the LTL ensure the 
stable arrangement of the LT joint it-
self. The RTq and other extrinsic liga-
ments connect the proximal carpus to 
the radius, ulna and mid-carpus and 
prevent the proximal row of the car-
pus from indirectly passively supina-
ting or pronating beyond the normal 
range. Moreover, the triquetrum and 
its ligaments are regarded as the key 
elements in providing proprioceptive 
information for neuromuscular dyna-
mic wrist stabilisation [95].
Compared with SLL and TFCC inju-
ries, LTL injuries are less frequently 
associated with dislocated distal radi-
us fractures (21% of the cases on avera-
ge – see Table 1) and some of them are 
actually asymptomatic. LTL injury is, 
however, often associated with TFCC 
injuries, particularly the degenerative 
ones, and with ulnar impaction syn-
drome (positive ulnar variance) (see 
Chapter 1.2.4 Skeletal and joint ana-
tomy, Figure 12 and Table 5). The final 
stage of LT injury is also carpal collap-
se with volar intercalated segment in-
stability (VISI) and finally degenerative 
arthritis.
An LT injury, which can be classified 
as partial or total, and the degree of 
instability are arthroscopically classi-
fied according to Geissler; this is des-
cribed in detail in the chapter on wrist 
arthroscopy (1.4.2) in Table 7 [92].
1.2.3 Triangular fibrocartilage com-
plex (TFCC)
The triangular fibrocartilage complex 
(TFCC) with its ulnar foveal attach-
ment is the primary stabiliser of the 
distal radio-ulnar joint (DRUJ). The 
TFCC consists of a thin avascular cen-
tral disc (normally only 1-2 mm thick) 
and the dorsal and volar radio-ulnar 
(RU) ligaments, localised and acting 
together with the ulnocarpal (UC) li-
gaments (ulnolunate – UL and ulno-
triquetral – UL) and the extensor car-
pi ulnaris (ECU) subsheath. The ECU 
subsheath is a specific tendon sheath 
fixed to the distal ulna and surroun-
ding the extensor carpi ulnaris exclu-
sively. The RU ligaments act as sta-
bilisers of the distal radio-ulnar joint 
(DRUJ) [213, 214]. Moreover, the dorsal 
joint capsule is tightened by the ECU 
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tendon sheath. The TFCC is compo-
sed of the “distal component”, formed 
by the ulnocarpal ligaments and the 
distal hammock structure, and of the 
“proximal component”, which origi-
nates from the ulnar fovea and the 
base of the styloid [166].
The TFCC arises from the ulnar aspect 
of the radial lunate fossa. It covers 
and spans the distal part of the DRUJ 
[175]. The dorsal and palmar RU liga-
ments encase and surround the cen-
tral avascular articular disc. As part of 
the TFCC, these fi bres originate from 
the medial border of the distal radius 
and insert on the ulna at two separa-
te and distinct sites. The radio-ulnar 
ligaments thus consist of both deep 
and superfi cial fi bres. The deep fi bres 
insert into the fovea [102, 122] and the 
superfi cial fi bres insert into the base 
of the ulnar styloid process. Moreover, 
these ligaments have a spiral anato-
mical confi guration and combined 
centric and epicentric insertions into 
the fovea and the ulnar styloid. Some 
resemblance to the anterior cruciate 
ligament in the knee is thus obvious 
[207]. A continuous shift in the tensi-
on of diff erent parts of the ligaments 
takes place during pronation and 
supination [96]. As a centre of forearm 
rotation, the TFCC plays a key role in 
stabilisation, rotation, translation and 
loading transmission to the wrist and 
acts as an essential pivot point [194, 
230].
Three main arterial branches supply
U
Tq
RTq
L
R
Ulnar Styloid
ECU Subsheath
DRUJ
Dorsal RU Ligament
Volar RU Ligament
ECU
UT
UL
DORSAL VIEW
Figures 8. TFCC anatomy. Palmar and dorsal radio-ulnar (RU) ligaments, ulnocarpal ligaments (UL, UT) 
are displayed. (ECU =extensor carpi ulnaris, DRUJ =distal radio-ulnar joint, R =radius, U =ulna, L =lunate, 
Tq =triquetrum, RTq= radiotriquetral ligament, * ulnar fovea) Copyright © Jonny Andersson
*
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the TFCC: 1) the ulnar artery, 2) the 
palmar branch of the anterior in-
terosseous artery and 3) the dorsal 
branch of the anterior interosseous 
artery. The dorsal branch of the an-
terior interosseous artery runs on the 
dorsal side, while the palmar branch 
and the ulnar artery run on the pal-
mar side. These three arteries supply 
blood to the periphery of the TFCC in 
a radial fashion. Histological sections 
demonstrate that the vessels penetra-
te the peripheral 15-20% of the disc, 
while the central portion and radial 
attachment are avascular and consist 
mainly of chondrocytes in a fibrocar-
tilaginous matrix. Tears of the TFCC in 
its vascular zone can therefore heal if 
repaired, while those in the central av-
ascular zone cannot [223].
The ulnar nerve is the major contri-
butor to the innervation of the TFCC.
TFCC injuries are classified according 
to Palmer [173] and Atzei [26, 27]. Many 
different modifications of the Palmer 
classification have been presented 
during the last few years [74, 120]. The 
Palmer classification does not cover 
all cases of peripheral TFCC tears [237]. 
Estrella et al. [74] observed several dor-
sal tears of the TFCC, which cannot be 
categorised using the Palmer classifi-
cation. For example, Henry stated that 
Class 1B injuries are broadly applied 
to lesions, irrespective of their origin 
and association with DRUJ instability 
[105]. However, the Palmer classifica-
tion, sometimes in conjunction with 
the Atzei classification, is still the most 
used.
Table 3. Palmer’s classification of TFCC injuries.
Traumatic injuries
1 A
Central horizontal tear                             Common injury
1 B Ulnar avulsion. Avulsion from the foveal insertion at the distal ulna.     
 => DRUJ instability                                  Common injury    
1 C Volar distal avulsion. Rupture of the ulnocarpal ligaments (UL/UT)       
=> Ulnocarpal instability                          Uncommon injury
1 D Radial avulsion from the radius with/without sigmoid notch fracture     
=> Possible DRUJ instability                    Uncommon injury
Degenerative injuries
2 A  
Attenuation of the horizontal portion without perforation
2 B Attenuation of the horizontal portion without perforation + chondral injury 
of the lunate and/or ulnar head
2 C Progression of the degenerative attenuation => oval perforation of the 
TFCC in the avascular portion
2 D Progression of the degenerative process => rupture of the LT and further 
chondral injury of the ulnar head and the lunate
2 E Ulnocarpal arthritis + DRUJ arthitis
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L
Tq
P
H
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with ulnar styloid fracture
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C
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CLASS 1B
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P
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CLASS 1C
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P
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DRUJ
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CLASS 2C
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C
L
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P
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DRUJ
CLASS 2D
Ulnolunate (UL)
Ulnotriquetral (UT)
Radius
C
L
H
S
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Ulna
Tq
P
DRUJ
CLASS 2E
Ulnolunate (UL)
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C
L
H
S
Tm
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P
Figures 9. Schematic description of Palmer’s classifi cation of TFCC injuries. (DRUJ= distal radio –ulnar 
joint, Tm= trapezium, Td= trapezoid, C= capitate, H= hamate, S= scaphoid, L= lunate, Tq= triquetrum, 
P= isiform. Arrows show the typical injuries in each class.)
Copyright © Jonny Andersson
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Table 4. Types, number and frequency of traumatic TFCC tears. A summary of five 
studies (171 patients) with sufficient data. 
STUDY TFCC 1 A TFCC 1 B TFCC 1 C TFCC 1 D TFCC 2 A-E  
DEGENERATIVE
Adolfsson et al., 1994 
[7] – No concomitant 
distal radius fracture 
13 11 3 4 32
Geissler et al., 1996 [92] 6 13 0 7 -
Lindau et al., 1997 [138] 13 17 5 17 -
Ogawa et al., 2013 [168] 27 2 0 5 15
Araf et al., 2014 [24] 4 8 14 2 -
Acute TFCC-injuries 
(n=171)
63      
37%
51      
30%
22      
13%
35       
20%
Palmer Class 1 injuries are trauma-
tic. Class 1A lesion describes a central 
tear through the horizontal portion of 
the TFCC. A traumatic ulnar avulsion 
of the TFCC from its insertion at the 
distal ulna is referred to as a Class 1B 
lesion. These injuries are related to 
lesions of the ulnar styloid and DRUJ 
instability [213, 214]. Palmer classified 
distal volar avulsions of the TFCC as 
Class 1C lesions, such as ruptured ul-
nolunate (UL) and/or ulnotriquetral 
(UT) ligaments, which lead to ulnar 
carpal instability. Finally, Class 1D le-
sions represent radial avulsion of the 
TFCC with or without sigmoid notch 
fracture [173]. Palmer Class 2 injuries 
are degenerative. Class 2A represents 
the attenuation of the horizontal por-
tion of the TFCC without perforation 
and the lesion may be located dis-
tally, proximally or both. Class 2B le-
sions are similar to 2A, with additional 
chondral injury of the lunate or ulnar 
head or both. The progression of the 
degenerative attenuation results in 
the perforation of the TFCC, which is 
classified as a Class 2C lesion. These 
lesions usually occur in the avascular 
portion of the TFCC and tend to have 
an oval appearance. Class 2D lesions 
describe a further increment in the 
degenerative process with a rupture 
of the lunotriquetral ligament (LT) and 
chondral injury of the ulnar head and 
the lunate. A deterioration in Class 
2D lesions coupled with ulnocarpal 
arthritis and possible DRUJ arthritis 
represents Class 2E lesions [173].
Central traumatic and degenerati-
ve TFCC injury is generally the most 
common type of injury. Ogawa et al. 
found 27 Class 1A injuries and 15 de-
generative injuries among 49 cases 
with TFCC pathology [168]. Adolfsson 
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Atzei published a new treat-
ment-oriented classifi cation of TFCC 
peripheral tears, in which he illustra-
ted fi ve classes (Figure 10) [26, 27]. 
Atzei described the ulnar-sided TFCC 
as three structures: the proximal tri-
angular ligament, which represents 
the ligamentum subcruentum (deep 
ligaments), the distal hammock 
structure and the UC ligaments, which 
both make up the distal component of 
the TFCC [26, 27]. A Class 1 lesion cor-
responds to a reparable distal tear with 
an intact proximal TFCC component, 
which is recommended for treatment 
with traditional arthroscopic suture. If 
there is a complete tear through the 
distal and proximal components of 
the TFCC, with combined DRUJ insta-
bility, the lesion is regarded as a Class 
2 injury and requires foveal re-attach-
ment of the TFCC. A proximal tear 
with an intact distal TFCC component 
is regarded as a Class 3 lesion, which 
also requires foveal re-attachment. 
Like Class 2 lesions, Class 4 injuries 
are characterised by a complete tear 
through the distal and proximal com-
ponents of the TFCC, but they are not 
reparable and are always associated 
with severe DRUJ instability. As a re-
sult, Class 4 requires reconstruction 
showed that 32 (52.5%) of the 61 TFCC 
injuries found in his series with se-
vere wrist sprains were degenerative 
[7]. Many traumatic and degenerative 
injuries are combined. Araf et al. had 
six combined traumatic TFCC injuries 
(1A+1B etc) in their series of 23 TFCC 
injuries [24], while Lindau et al. repor-
ted 16 combined injuries in a total of 
39 TFCC injuries [138].
D
P
D
P
D
P
D
P
D
P
CLASS 1
Repairable Distal tear
CLASS 2
Repairable
Complete tear
CLASS 3
Repairable
Proximal tear
CLASS 4
Non-Repairable tear
CLASS 5
Arthritic DRUJ
Clinical DRUJ Instability None/slight Mild/severe Mild/severe Severe Mild/severe
Appearance of TFCC Torn Torn Intact Torn Variable
distal component
(RC arthroscopy)
Status of TFCC proximal Intact Torn Torn Torn
component
(hook test/ DRUJ arthroscopy)
Healing potential of Good Good Good Poor
TFCC tear’s margins
Status of DRUJ cartilage Good Good Good Good Poor
Treatment Repair Repair Repair Reconstruction Salvage
 Suture Foveal reinsertion Foveal reinsertion Tendon graft Arthroplasty
 (lig-to-capsule)    or joint
     replacement
Figure 10. Atzei classifi cation of TFCC peripheral tears (Atzei 2009 [26] and 2011 [27]).
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using a tendon graft. Adams described 
a technique, treating post-traumatic 
DRUJ instability with a reconstruc-
tion of the distal radioulnar ligaments 
using a tendon graft [3, 4]. Moreover, 
stabilisation of the DRUJ can be per-
formed by dorsal capsular imbrication 
[231]. Finally, Class 5 lesions represent 
an arthritic DRUJ, the end result of 
long-standing TFCC injury with DRUJ 
instability, which should be treated by 
arthroplasty [26], with the Aptis-Sche-
ker DRUJ replacement, for example 
[179].
1.2.4 Skeletal and joint anatomy
The wrist consists of the distal radius 
and ulna, the DRUJ, the RC joint, the 
carpus with the proximal row (scap-
hoid, lunate, triquetrum and the se-
samoid pisiform), the MC joint, the 
distal carpal row (trapezium, trape-
zoid, capitate and the hamate) and 
also the carpometacarpal joints.
The carpus is the anatomical assem-
bly connecting the hand to the fo-
rearm. This term derives its meaning 
from the Greek καρπός (karpós), mea-
ning “wrist”. The carpus has 21 unique 
articulations kept together internally 
by their shape and a ligamentous ap-
paratus like an arch bridge. In the fo-
rearm, 19 muscles act to position the 
hand and only the flexor carpi ulnaris 
(FCU) specifically inserts on the car-
pus (pisiform and hook of hamate). 
The main role of the carpus in hu-
mans is to facilitate the effective posi-
tioning of the hand and the powerful 
use of the extensors and flexors of the 
forearm, but the mobility of individu-
al carpal bones increases the freedom 
of movement at the wrist. The RC 
and MC joints facilitate the motions 
in flexion, extension, radial and ulnar 
deviation and, to some degree, even 
pro- and supination. This enables the 
hand to move functionally from dor-
sal extension and radial deviation to 
volar flexion and ulnar deviation – a 
human-specific and important mo-
tion called the “dart throwing motion” 
[85, 86]. The carpal motion is determi-
ned by the intricate articulations and 
the ligamentous insertions and at-
tachments. The RC joint accounts for 
approximately 60% of the total ROM 
(range of motion), while the MC joint 
accounts for approximately 40%.
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Scapho-trapezio-trapezoidal joint (STT)
Radiocarpal joint (RC)
Lister’s tubercle
Distal radioulnar joint (DRUJ) Ulnar styloid
Ulnar fovea
Midcarpal joint (MC
Carpo-metacarpal joints (CMC)
Figure 11. Normal wrist with its bones and joints (illustration Dr Per Fredrikson). Tm= trapezium, Td= 
trapezoid, C= capitate, H= hamate, S= scaphoid, L= lunate, Tq= triquetrum, P= pisiform
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The forearm should be regarded func-
tionally as one joint and one functio-
nal unit. The radius rotates around the 
ulnar head during the pronation and 
supination of the forearm [96]. The sp-
heres of the two articular surfaces in 
the DRUJ differ and, as a result, app-
roximately 60% of the joint surfaces 
are in contact in the neutral position, 
but in full pronation and supination 
the contact area is only 10%. The sig-
moid notch is located on the ulnar 
side of the distal radius. The sigmoid 
notch rests on the ulnar head and ro-
tates and slides around the 270° car-
tilage articular circumference of the 
ulnar head, during rotation [9, 96]. 
The DRUJ is only separated from the 
RC joint by the avascular articular disc 
of the TFCC [123].
There are three different DRUJ types, 
affecting the stability, ulnar varian-
ce and the possibility of developing 
dorso-ulnar pain, due to ulnar im-
paction syndrome [69, 226]. The three 
types of DRUJ are shown in Figure 12 
and Table 5. In a normal wrist, without 
prior injuries and no positive ulnar 
variance, 80% of the load is transmit-
ted between the carpus and radius 
and 20% between the carpus and ulna. 
In an ulnar-positive wrist, a signifi-
cant increase in load is transmitted 
between the carpus and ulna, making 
the TFCC prone to injury.
TYPE I
Ulna -
D
R
U
J
D
R
U
J
D
R
U
J
Ulna +
TYPE II TYPE III
Figure 12. Different types of DRUJ. (DRUJ =distal radio-ulnar joint, ulna - = negative ulnar variance, ulna 
+ = positive ulnar variance.)
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The type of DRUJ also influences the 
risk of traumatic TFCC injury, the de-
gree of instability, the choice of surgi-
cal treatment and result after surgery.
1.2.5 Distal radius fractures in 
younger non-osteoporotic patients 
Distal radius fracture is the most 
common fracture seen at the emer-
gency department and accounts for 
approximately 15% of all fractures in 
adults. In general, residual dysfunc-
tion after a distal radius fracture is 
most often mild, but it may give rise 
to significant impairment, particularly 
in the younger active population. The 
residual symptoms often manifest 
around the distal ulna when rotating 
the forearm or loading the hand. Cen-
tral-radial pain can also be present in 
patients with sequelae after a distal 
radius fracture. It is well known that 
associated ligament injuries, particu-
larly TFCC injuries, are common in 
younger non-osteoporotic adults with 
dislocated distal radius fractures [16, 
24, 78, 92, 100, 138, 153, 168, 183]. It has been 
postulated in biomechanical studies 
that TFCC injuries can be expected 
in non-osteoporotic adults when the 
dorsal angulation of a distal radius 
fracture exceeds 32° from the ana-
tomically correct position [196]. The 
degree and energy of impact is most 
often greater in younger patients. 
Intra-articular fractures and associa-
ted ligament injuries are more com-
mon in non-osteoporotic patients. 
In intra-articular distal radius fractu-
res of all ages with an intra-articular 
incongruency greater than 2 mm, li-
gament injuries have been found in 
the majority (68%) of cases [92]. Lindau 
et al. [138] showed that 98% of the pa-
tients had ligament injuries with va-
rying degrees of severity – however, 
most of them partial. One third of that 
cohort with distal radius fractures in 
younger adults (men 20-60 years, wo-
men 20-50 years) also had chondral 
lesions.
One specific type of distal radius 
fracture has been found to be associ-
Table 5. Types of DRUJ.
TYPE OF 
DRUJ
SIGMOID NOTCH ULNAR VARIANCE ASSOCIATED 
LIGAMENT 
INJURIES AND 
INSTABILITY
Type I Parallel and cylindrical Neutral (0) or slight (+/-) -
Type II Oblique proximal and 
hemispherical
Negative ulnar 
variance  (-)
-
Type III Reverse oblique and 
conical
Positive ulnar variance 
(+)
TFCC 2 A – 2 E.   
Degenerative LT 
SL Geissler III-IV
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ated with specific wrist ligament in-
juries. Radial styloid fractures (so-cal-
led “Chauffeur’s fracture”) and carpal 
dislocations are commonly concomi-
tant injuries. Some of the associated 
ligament injuries in carpal disloca-
tions are obvious, whereas others, 
such as an isolated SLL disruption, can 
be more subtle. 
Mudgal and Hastings [161] hypothesi-
sed that, in wrist radial deviation and 
compression, an impression fracture 
of the radial styloid occurs, followed 
by shearing of the scaphoid off the 
lunate, completing the SLL tear. Con-
versely, they hypothesised that ulnar 
deviation results in high tensile forces 
and can cause transradial periluna-
te-type injuries, as described by May-
field et al. [151]. Mudgal and Hastings 
concluded that, “the most important 
feature of all these fracture patterns 
appears to be the generation of a radi-
al styloid fragment with extension of 
the fracture line to the crest between 
the scaphoid and lunate fossae” [161]. 
Total and subtotal SL ligament injury 
is also associated with a positive ulnar 
variance [80].
1.2.6 Forearm fractures and distal 
radius fractures in children
Fractures of the distal third of the 
forearm are extremely common in 
children and represent approximately 
75% of all forearm fractures [32, 44]. Dis-
tal radius fractures comprise approx-
imately 30% of all fractures in children 
[50, 128]. The distal radial physis is in-
volved in approximately one third of 
these fractures and distal radial phy-
seal injuries account for up to 50% of 
all physeal fractures in the body. The 
distal radial physis accounts for app-
roximately 75% of the growth of the 
radius (approximately 8 mm per year 
on average) and this may predispo-
se the distal radius to fracture, be-
cause the distal metaphysis is thin, 
due to its continuous remodelling. 
 
Fractures in this area have large remo-
delling potential. It has been claimed 
in the past that 50% of translation, 25° 
of dorsal-volar angulation and 10° of 
radial-ulnar deviation in distal radial 
fractures can be expected to remo-
del with continued skeletal growth in 
young patients, with at least two years 
of skeletal growth remaining [81, 112, 115, 
255]. Remodelling potential depends 
on many factors, including the re-
maining growth potential, the direc-
tion of deformity, the distance from 
the physis and the severity of angu-
lation. A young patient with a fractu-
re close to the physis in the plane of 
adjacent joint motion will remodel 
best. Plastic deformation (“bending”) 
and rotational deformities (> 10⁰) on 
the other hand remodel less well. 
The ossification centre of the distal ra-
dius appears before the first birthday 
and the distal ulnar ossification centre 
appears between five and seven years 
of age, often developing from two dis-
tinct centres of ossification. The distal 
radial and ulnar physes close between 
17 (girls) and 19 (boys) years of age 
[238], depending on gender and skele-
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tal maturity. Injury-caused early clo-
sing of either of the growth plates may 
lead to a length discrepancy between 
the radius and ulna, in some cases 
rendering DRUJ laxity. This should 
be taken into account when planning 
for wrist surgery in children and ado-
lescents. Not much is known about 
the kind of fractures and the degree 
of displacement that would lead to in-
creased awareness and a suspicion of 
associated wrist ligament injuries and 
a risk of long-term complications in 
children and adolescents.
A B
Figure 13. Closing of the physes in the distal radius and ulna. Open (A) and closed (B) distal radial and 
ulnar physes. The average age at closure of the distal radial and ulnar physis is 17 years for girls and 19 
years for boys.
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It is not clear why in some cases a me-
taphyseal fracture will occur and in 
others a physeal injury. Salter-Harris 
type I and II fractures are common, 
while types III, IV and V are very rare 
[190].
Buckle fractures and minimally dis-
placed fractures are often the result 
of low-energy injury, while displa-
ced fractures result from high-ener-
gy trauma, such as accidents during 
sports, running, riding, biking and fall 
from heights [208]. Forearm fractures 
have been shown to migrate distal-
ly with increasing age, with adole-
scents more likely to sustain distal 
radius fractures and younger children 
more likely to sustain diaphyseal shaft 
fractures [32, 62, 228].
Fractures of the distal radius, ulna and 
forearm in children are often trea-
ted non-surgically with a closed re-
duction and cast. Very little is known 
and published about children and 
post-traumatic wrist pain and poten-
normal
III
I
IV
II
V
SALTER-HARRIS CLASSIFICATION
Figure 14. Salter-Harris classifi cation of physeal fractures.
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tial DRUJ instability [31, 75, 221]. Isolated 
ligament injuries are generally consi-
dered to be uncommon in children, 
as their weakest point is the skeleton, 
as opposed to adults, where ligaments 
are more vulnerable.
1.2.7 Carpal instability and  
symptoms
Carpal instability (CI) is the end re-
sult of a wrist ligament injury [141, 151]. 
When carpal instability results in a 
major malfunction of a joint between 
the bones in the same carpal row (SL, 
LT), the case is defined as a carpal in-
stability dissociative (CID). In mid-
carpal instability (MCI), also known 
as carpal instability non-dissociative 
(CIND) [77, 251], which is not further 
described in this dissertation, there is 
no dissociation between SL or LT in 
the proximal row but instead a dys-
function of both RC and MC joints, 
where the latter tends to predominate 
and is not seldom associated with ge-
neral hyperlaxity of the joints.
The failure of the injured ligament 
and the step-by-step attenuation and 
elongation of its secondary constra-
ints [202] produces abnormal carpal 
kinetics (altered stress with the inabi-
lity to bear functional loads) and ab-
normal kinematics (abnormal carpal 
motion). The degree of carpal instabi-
lity can vary from minor micro-mo-
vements, due to ligament attenuation 
and partial ruptures, to gross carpal 
displacement with abnormal radio-
graphic carpal alignment [94]. After a 
significant wrist trauma, a spectrum 
of wrist ligament injuries can deve-
lop. When the injury is a mild sprain, 
an occult predynamic instability can 
be present. In more severe trauma, a 
dynamic instability (only possible to 
visualise in stress and load), characte-
rised by the complete disruption of all 
parts of the proximal intercarpal liga-
ment, can be present [38]. This dyna-
mic instability is further characterised 
by the following; the ligaments are still 
reparable, not yet retracted or necro-
tic, with good healing potential, the 
secondary constraints and stabilisers 
are still intact or attenuated to a minor 
degree and there is no cartilage dama-
ge. No permanent carpal malalignme-
nt exists in the predynamic-dynamic 
instability – only under radiological 
stress and loading views will a gap 
(dissociation) or malalignment, such 
as an increased SL gap or increased SL 
angle, appear. Dynamic SL instability 
is present when an asymmetrically 
widened SL gap is present on stress 
radiographs, but not on neutral, static 
radiographs, in a patient with pain in 
the radial and central part of the wrist. 
This is the opposite of static instabili-
ty, in which an asymmetrically wide-
ned SL gap is present on neutral, static 
radiographs with a clear and typical 
history and distinct physical exami-
nation. Empirically, static instability 
is most often found months to years 
after the index trauma.
When the SLL is injured, the scaphoid 
DO ISOLATED LIGAMENT  
INJURY EXIST IN CHILDREN?
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tends to move into volarflexion, whi-
le the lunate, which is still fixed to the 
triquetrum, is forced, due to carpal 
kinematics, to follow the triquetrum 
into dorsal extension. The opposi-
te happens with time when the LTL 
is injured. The injury may therefore 
take months to years to develop and 
culminate in static instability, with 
permanently altered carpal alignment 
and kinematics and with no healing 
capacity or chance of reduction. This 
static instability is often referred to ra-
diologically as dorsal intercalated seg-
ment instability (DISI), following an SL 
ligament injury, and volar intercalated 
segment instability (VISI), following 
an LT ligament injury. 
Scapholunate dissociation is the most 
common form of carpal instability. 
Patients with an SL ligament injury 
often present with a “click” or “pain” 
on the dorso-radial aspect of the wrist 
and there is often an episode of cle-
ar injury preceding the symptoms. 
Swelling and limited grip strength and 
ROM are also common symptoms. 
Acute LT ligament injury may result 
in ulnar wrist pain and swelling and 
limited strength and ROM. In chronic 
cases, patients frequently report insta-
bility, or crepitation and clicking upon 
ulnar deviation. Again, the severity 
of the symptoms differs substantially 
between each subtype of LT injury; 
ranging from pain and weakness in 
patients with partial tears, to wrist de-
formity and dysfunction in carpal col-
lapse (VISI) and perilunate instability 
in patients with severe index trauma 
and total injuries or dislocations [234].
Capitate Capitate
Capitate
Radius Radius Radius
Lunate Lunate Lunate
DISI VISI
Figure 15. Schematic picture of dorsal intercalated segment instability (DISI), seen later after SL ligament 
injury, and volar intercalated segment instability (VISI), seen later after LT ligament injury. 
Copyright © Jonny Andersson
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1.2.8 TFCC injuries – DRUJ
– instability and symptoms
There are several anatomic structu-
res that stabilise the distal radio-ulnar 
joint (DRUJ), of which the triangular 
fi brocartilage complex (TFCC) is the 
most important, especially the foveal 
insertion [9, 102].
Figure 16. Foveal insertion of the TFCC – intact (A) and avulsed (B). (R = radius, U = ulna, 
UC = ulnocarpal ligaments)
Copyright © Jonny Andersson
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Other stabilising components of the 
DRUJ are the anatomical confi gura-
tion of the distal radius and ulna, the 
DRUJ and its congruity, the interosse-
ous membrane (IOM), particularly the 
distal part and the central band [240], 
and muscular dynamic stabilisers (ex-
tensor carpi ulnaris, fl exor carpi ulna-
ris, pronator quadratus).
It is well known that associated liga-
ment injuries, especially TFCC in-
juries, are common in the event of 
dislocated distal radius fractures in 
adults [16, 24, 78, 92, 100, 138, 153, 168, 183]. 
Ulnar-sided wrist pain and DRU joint 
instability are the most common se-
quelae after distal radius fractures 
with concomitant TFCC injury in 
adults [135, 137, 139].
The RU ligaments consist of both a 
deep and a superfi cial portion. The 
deep fi bres insert at the ulnar fovea 
and the superfi cial fi bres attach to the 
base of the ulnar styloid process. DRUJ 
instability is present in total injuries, if 
the skeletal congruity and the muscu-
lar dynamic stability are not enough 
to stabilise and keep the DRUJ in the 
correct position.
Due to its anatomical location, as well 
as its functions of rotation and load 
bearing, the TFCC is highly prone to 
injuries and attritional wear [230]. 
Pain due to TFCC lesions is often pre-
sent in relation to powerful rotato-
ry hand movement, like squeezing a 
cloth, pouring from a jug or pushing 
down a doorknob. Ulnar-sided wrist 
pain, especially when lifting heavy ob-
jects, might also be related to a TFCC 
lesion and/or DRUJ instability [37].
ECU Sheath Floor
Dorsal RU Ligament
UC (UL+UT)
U
Tq
U
RR
Palmar RU Ligament
Distal Interosseous membrane
Figure 17. Schematic drawing of stabilising factors of the DRUJ (R= radius, U= ulna, RU= radioulnar, Tq= 
triquetrum).
Copyright © Jonny Andersson
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1.2.9 Complications after wrist liga-
ment injuries
The end result of long-standing scap-
holunate ligament injury with disso-
ciation (SLD) is always dorsal interca-
lated segment instability – DISI and a 
so-called scapholunate advanced col-
lapse – SLAC wrist (see Table 2) [241]. 
SLAC is the most common pattern of 
degenerative arthritis of the wrist. It 
develops following SLD with rotary 
subluxation of the scaphoid. The de-
generative changes first affect the ra-
dial styloid, then the radio-scaphoid 
joint, followed by parts of the the MC 
joint (capitolunate and scapho-tra-
pezio-trapezoidal joints). The head of 
the capitate in particular can erode 
fairly rapidly when it is subsequently 
dislocated into the gap between the 
lunate and the scaphoid. The radiol-
unate joint is not typically involved 
in SLAC arthritis, due to the spherical 
shape of the lunate and the congruity 
of the joint between the lunate and the 
lunate fossa of the radius. 
The average time from the initial trau-
ma to SLAC development is unknown 
and variable, depending - among 
other things - on the amount of trau-
ma, injured associated ligaments and 
secondary stabilisers, the initial step 
between the scaphoid and the luna-
te, and the individual configuration 
of the wrist. Empirically, SLAC wrist 
is most often found three to 15 years 
after the index injury. For the patient, 
SLAC wrist can be almost asympto-
matic, but it is most often debilitating, 
with pain, limited and restricted range 
of motion (ROM) and loss of strength 
[16, 243, 245].
An injury to the dorsal or palmar part 
of the LT ligament can cause signifi-
cant kinematic dysfunction. This may 
potentially result in synovitis, a dy-
namic volar intercalated segmental 
instability (VISI) deformity and abnor-
mal motion of the carpus. In the event 
of concomitant acute rupture or sub-
sequent gradual injury of the secon-
dary stabilisers/extrinsic ligaments, a 
highly dysfunctional static VISI defor-
mity, carpal collapse and finally dege-
nerative arthritis can develop [234].
Ulnar-sided TFCC ruptures in particu-
lar are inclined to cause DRUJ instabi-
lity. This injury is classically classified 
as Class 1B lesions, according to the 
Palmer grading system [173] (see Figu-
re 9). Missed DRUJ instability in inju-
red patients may lead to pain, a feeling 
of giving-way, loss of function and in 
some cases secondary osteoarthritis 
of the DRUJ [177, 213].
Acute wrist ligament injuries can dif-
fer in nature and severity, ranging 
from distorsion and partial isolated 
injuries to the most severe perilunar 
carpal dislocation with several liga-
ment injuries and possible fractures. 
Perilunate dislocations and transscap-
hoid perilunate fracture-dislocations 
render the most severe complications 
and sequelae.
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Figure 18. Schematic presentation of the diff erent grades of severity in wrist ligament injuries – correla-
ted to the Studies in this Thesis .(Study I-IV)
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Figure 19. Schematic presentation of typical patterns of perilunate dislocations and transscaphoid perilu-
nate fracture dislocations. Normal Gilula’s lines are also displayed.
Copyright © Jonny Andersson
1.2.10 Perilunar carpal dislocations 
and their complications
Perilunate dislocations (PLDs) and 
transscaphoid perilunate fractu-
re-dislocations (PLFDs) are uncom-
mon lesions (account for approxima-
tely 7% of all carpal injuries), usually 
occurring during high-energy trauma 
in young patients. Approximately 60% 
of these injuries are associated with 
scaphoid fractures and are referred to 
as transscaphoid perilunate disloca-
tions. Specifi c patterns of these inju-
ries, greater arc, with more widespread 
injuries and fractures, and lesser arc, 
localised mainly around the lunate, 
have been described by Mayfi eld [151]. 
Lesser arc injuries are mainly ligament 
injuries and dislocations around the 
lunate, while greater arc injuries are 
mainly trans-carpal fracture disloca-
tions. As many variants of these inju-
ries exist and not all are explained by 
the patterns described above, Bain et 
al. have proposed that translunate arc 
and inferior arc injuries should be ad-
ded [33]  .
Gilula lines
Greater arc 
Lesser arc
Translunate arc
Inferior arc
Associated fracture propagation in carpal dislocations
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Early treatment with open reduction, 
with dorsal and volar access and re-
pair of the SL and LT ligaments, and 
internal fixation is always recommen-
ded [106].
A closed reduction should be attemp-
ted in the acute setting in all patients. 
Early closed reduction relieves pres-
sure on the median nerve (associa-
ted acute carpal tunnel syndrome is 
present in one-third of the cases) and 
other soft tissues while the patient is 
awaiting definitive surgical manage-
ment. After a few days, closed reduc-
tion will not be successful [47]. 
Moreover, the diagnosis is initially 
missed in approximately 25% of the 
patients, because the dislocation is of-
ten hidden due to concomitant severe 
swelling. The pain is not always pro-
nounced in these patients.
A B
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Figure 20. Perilunar dislocation – AP view (A) is almost normal but observe the step in Gilula’s linjes. 
The diagnosis is obvious in the lateral view (B). Transscaphoid perilunar fracture-dislocation with a gross 
dislocation of the proximal pole of the scaphoid and a fracture of the ulnar styloid at trauma (C, D) and 
one year postop (E, F).
C
E
D
F
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When a patient presents with wrist 
swelling, pain and reduced motion, 
it is imperative to make sure, using a 
high-quality lateral wrist radiograph, 
that both the lunate and capitate are 
located in their fossae. It is critical that 
these injuries are identified at an ear-
ly stage, as late presentation leads to 
a poorer outcome. PLDs and PLFDs 
diagnosed later than six weeks to six 
months after index trauma often ne-
cessitate a primary salvage operation, 
such as proximal row carpectomy 
(PRC), four-corner fusion (4CF) or a 
total wrist fusion, depending on the 
status of the cartilage.
According to the literature, PLDs and 
PLFDs are associated with a mean in-
cidence of post-traumatic arthritis of 
almost 40% (range, 7%-92%) [79, 108]. 
Signs of post-traumatic arthritis after 
perilunate dislocations and transscap-
hoid perilunate fracture dislocations 
increase progressively, but some pa-
tients have minor symptoms at fol-
low-up after more than 10 years [79]. 
However, approximately 30% of these 
patients are not able to return to heavy 
manual work [106].
1.3 Diagnosis of injuries
1.3.1 Pathomechanisms of injuries
It is very important to understand the 
pathomechanisms of wrist ligament 
injuries in order to establish a correct 
diagnosis of the different wrist liga-
ment injuries.
SLL injury is common in young indi-
viduals and it is often the consequence 
of a fall forwards from a height, sport 
injuries or a motorcycle accident. In a 
fall from height, the dorsally extended 
hand hits the floor and becomes a fix-
ed pivot point upon which the falling 
body rotates; in a head-on collision, 
the cyclist’s hand remains blocked by 
the handle bar and the body’s inertia is 
what causes the damage. 
In both instances, violent torque is ge-
nerated, forcing the wrist into extensi-
on and variable degrees of radio-ulnar 
inclination and/or intracarpal prono/
supination. In these circumstances, 
the bones of the proximal row do not 
displace in similar directions; while 
the scaphoid is pulled distally by the 
scaphocapitate (SC) and scapho-tra-
pezio-trapezoidal (STT) ligaments, the 
lunate remains solidly constrained 
against the radius by the two palmar, 
short and long radiolunate ligaments 
(S/LRL) [88]. If the wrist is radially devi-
ated at the moment of impact, a scap-
hoid waist bending fracture is likely. If 
the wrist is ulnarly inclined, an SLL in-
jury occurs more frequently. However, 
in some patients, co-existing injuries 
– waist fracture of the scaphoid and 
partial-total SLL injury – also occur. 
In the study by Jørgsholm et al., an 
arthroscopic evaluation of displaced 
and non-displaced scaphoid waist 
fractures showed that 71% had asso-
ciated acute SL ligament injuries and 
24% had a complete SL ligament rup-
ture [118].
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It is generally difficult to distinguish 
between traumatic and degenerati-
ve causes of LT instability. The exact 
mechanism of ligament injury is ge-
nerally thought to be multi-factorial, 
although isolated LTL injury is often 
the result of a fall backwards onto an 
outstretched hand. If the arm is exter-
nally rotated and the wrist is in radial 
deviation and extension, this will cau-
se the triquetrum, which is already in 
an extended position, to be translated 
dorsally without the lunate following. 
With significant force, the LTL will 
fail. Conversely, the degeneration of 
the LT ligament may be the result of 
arthritis, ulnar impaction syndrome, 
age or inappropriately treated liga-
ment trauma. LT and TFCC injuries 
are often concomitant.
Lesions of the TFCC may be either 
degenerative or traumatic. Traumatic 
lesions are most often found together 
with a distal radius fracture. Isolated 
TFCC injuries are usually caused by 
rotational injuries or accidents while 
the patient is falling onto a pronated 
or hyperextended wrist [174]. Degene-
rative TFCC injuries are more com-
mon in patients with positive ulnar 
variance [227].
1.3.2 Clinical examination
A clinical examination of wrist liga-
ment injuries consists mainly of pal-
pation and different laxity and pro-
vocation tests.
A positive Watson’s test (scaphoid shift 
manoeuvre) indicates a total SL injury. 
However, positive tests occur in app-
roximately 20% of the normal popula-
tion, which contributes to diagnostic 
difficulties [88, 89, 253]. When perfor-
ming the scaphoid shift manoeuvre, 
the examiner grasps the wrist from 
the radial side, placing the thumb on 
the palmar prominence of the scap-
hoid, while holding the fingers firmly 
around the distal radius. This enables 
the examiner’s thumb to push on the 
scaphoid with counter-pressure pro-
vided by the fingers. The examiner’s 
other hand grasps the patient’s hand 
at the metacarpal level to control wrist 
position. Starting in ulnar deviation 
and slight extension, the wrist is mo-
ved radially with simultaneous slight 
flexion and with constant thumb pres-
sure applied to the scaphoid. The Wat-
son’s test is positive if the scaphoid is 
unstable and can be subluxated dor-
sally and the patient experiences pain 
at the dorsum of the wrist [88, 89, 253]. 
The SLL can also be examined with 
the so-called finger extension test 
(maximum finger extension against 
resistance, during simultaneous volar 
flexion of the wrist), although this test 
can sometimes also be positive if the 
patient has doral synovitis or ganglia 
[73].
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Ulnar deviation Radial deviation
WATSON’S TEST
Figure 21. Watson´s test – scaphoid shift manoeuvre.
Copyright © Jonny Andersson
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Figure 22. Shuck test – LT ballottement test (P= pisiform, Tq= triquetrum).
Copyright © Jonny Andersson
The lunotriquetral ligament and joint 
(LT) is best examined by stabilising 
the RC joint, while forcing the pisi-
form/triquetrum in the volar-dorsal 
direction, and attempting to evaluate 
the laxity and perceived pain (ballotte-
ment test or Shuck test), and the Derby 
wrist test, where the patient is told to 
perform a forceful dart throwing mo-
tion [88, 89, 234, 253].
P T
SHUCK TEST
q
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A clinical examination of the TFCC 
and DRUJ should include clinical 
DRUJ laxity tests and a TFCC test 
called the “ulnar fovea sign“ [220]; i.e. 
tenderness on the palmar aspect of 
the fovea located proximally to the 
pisiform and ulnar to the fl exor carpi 
ulnaris tendon. DRUJ laxity is tested 
with the forearm held in neutral ro-
tation by the examiner, who stabilises 
the hand and the distal radius with a 
fi rm grip to make them one unit [160]. 
Then, using the other hand, the exa-
miner forces the ulna as the second 
unit in a dorsal/palmar direction, rela-
tive to the stabilised unit of the hand 
and radius. The stability of the DRUJ is 
always compared with that of the un-
injured wrist.
DRUJ LAXITY TEST
DRUJ
Figures 23. Foveal sign (A) and DRUJ laxity test (B)
Copyright © Jonny Andersson
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However, the diagnosis of TFCC le-
sions is often diffi  cult and sometimes 
controversial. A physical examination 
on the ulnar side of the wrist may not 
be accurate due to a variety of lesions 
in this area, some of which may mi-
mic similar symptoms [189].
All clinical and provocation tests of 
wrist ligaments should be performed 
by comparing the fi ndings with the 
normal contralateral side.
In 1995, LaStayo and Howell [129] re-
ported that wrist provocation tests 
were eff ective in identifying injuries
A B
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that required further investigation 
and, in patients requiring an arthro-
scopic diagnostic operation, the pro-
vocation tests proved to be more ef-
fective in predicting the absence of 
injury than its presence.
A thorough systematic examination 
by a dedicated experienced hand/
wrist surgeon is mandatory in order 
to assess and evaluate the capability of 
wrist ligament injury.
Strength measurements
The need for a reliable, readily acces-
sible, non-invasive and inexpensive 
diagnostic tool for TFCC injury is ob-
vious. Researchers have implied that 
there might be a correlation between 
strength in pronation/supination and 
TFCC injury with DRUJ instability [140]. 
Other authors have described slightly 
different methods and results for me-
asuring torque in patients of different 
genders and ages, as well as normal 
individuals, with the body and fo-
rearm in different positions [90, 107, 126, 
149, 159, 170, 182, 206, 225]. It is known from 
previous studies [149] that the non-do-
minant left upper extremity has peak 
torque values between 85-95% of the 
peak torque values of the dominant 
right upper extremity. Several medi-
cal conditions can influence torque; 
they include epicondylitis [170, 171] and 
ulnar impaction syndrome [130]. 
The rationale for applying the forearm 
torque technique is logical because 
the test directly involves the affected 
TFCC joint complex. The grip strength 
test only indirectly addresses this iss-
ue since the wrist actuators are able to 
stabilise the wrist position, while extr-
insic and intrinsic finger flexors exert 
maximum finger flexion torque. Ear-
lier studies demonstrated that torque 
production varies with arm, body and 
joint positions and that consistent po-
sitioning is vital for reproducible re-
sults [159, 170, 171, 182]. To date, attempts 
to correlate the instability of the DRUJ 
after distal radial fractures to loss of st-
rength have, however, failed [140].
ARE NEGATIVE RESULTS OF 
PROVOCATION TESTS  
SUFFICIENT TO DISCONTINUE 
FURTHER DIAGNOSTIC  
EVALUATION?
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Figure 24. Measurement of peak torque strength of the right wrist in supination, standing with the elbow 
fixed to the body and in 90⁰ flexion. Measurement technique developed by Peter Axelsson. Photo: Tommy Holl.
COULD PARAMETERS OTHER THAN CLINICAL PROVOCATION TESTS BE 
VALUABLE IN THE DIAGNOSTICS AND EVALUATION OF WRIST 
LIGAMENT INJURIES?
IS IT POSSIBLE TO FURTHER DEVELOP A RELIABLE MEASUREMENT 
TECHNIQUE FOR PEAK TORQUE STRENGTH? 
DOES INJURY TO THE TRIANGULAR FIBROCARTILAGE COMPLEX  
COMPROMISE FOREARM ROTATION TORQUE? 
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Figures 25 A-B. Clenched fist (A) and ulnar deviation (B) showing dynamic SL dissociation and instability. 
(B) also reveals the so-called “ring sign” of the scaphoid, where the bone has moved into volar flexion.
1.3.3 Radiological examination
Although current non-invasive ra-
diology may suggest several injury 
characteristics, the actual extent and 
nature of most ligament tears is not 
known until the patient is assessed 
using an arthroscope or by open sur-
gery [8, 15, 16, 111, 135]. 
Plain radiographs
The initial diagnosis of SL injury can 
be difficult, as it often takes three to 
12 months before dynamic instability 
is detected on plain radiographs (with 
clenched-fist films and ulnar devia-
tion) with an SL gap of > 3 mm and an 
SL angle of > 60°. The radiological de-
finition (plain films) of DISI is as 
follows:
– On an AP view, signs of scapholu-
nate ligament dissociation, the nor-
mal trapezoidal configuration of the 
scaphoid, may be lost and it may ap-
pear triangular, sometimes with the 
so-called “ring sign” [48] (Figures 25).
– On lateral view, a dorsal tilt of the luna-
te is typically shown (Fig 26): scapholu-
nate angle > 60° and capitolunate angle  
> 30° (the capitate is displaced posteri-
orly compared with the distal radius). 
Forward et al. [80] demonstrated that 
an increase of > 2 mm in positive ul-
nar variance at the time of distal radial 
fracture in a young adult was associ-
ated with a fourfold increment in the 
risk of scapholunate ligament injury, if 
a sufficient wrist trauma was present.
A B
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Figure 26. DISI with an SL angle of approxima-
tely 90⁰, as a result of static instability due to a 
total SL injury. (S= scaphoid, L= lunate, painted 
red).
Illustration: Dr Per Fredriksson
In LT injuries, it is sometimes, albeit in-
frequently, possible to see the lunate su-
perimposed (Fig 27) on the triquetrum, 
with a step off between the two bones. 
The final static instability is also visua-
lised as VISI (Fig 28).
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Figure 28. VISI as a result of static instability due to a total LT injury.
A distal radius fracture with a dorsal 
angulation of > 32⁰ (Fig 29) from its 
anatomical position is always associ-
ated with a TFCC injury [196], starting 
with a rift of the ECU subsheath. Some-
times, the so-called “bald ulnar head 
test” can be judged positive intra-ope-
ratively, estimating that a total TFCC 
injury with DRUJ instability is present. 
In a lateral fluoroscopic view, with the 
wrist in extension, a positive “bald ul-
nar head test” is found if no carpal bo-
nes project over the dome of the ulnar 
head in the sector created between the 
extensions of the volar and dorsal 
cortices of the distal ulna [196].
Figure 27. Triquetrum slightly superimposed on the lunate, with a step off between the two bones.
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Figure 29. Distal radius fracture with a gross dorsal angulation. 
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It is also sometimes possible to see a 
widened DRUJ space and dorsal sub-
luxation of the ulna, in acute trauma-
tic TFCC injuries (Figure 30 A and B 
below). In actual fact, the radiographic 
finding of a normalised DRUJ gap on 
posteroanterior (AP) views is an im-
portant predictor for identifying DRUJ 
instability/stability accompanying un-
stable distal radius fractures. The rela-
tive risk of instability increases by 50% 
when the ratio of DRUJ widening in-
creases by 1% [83].
Figure 30. An obvious DRUJ gap on the AP view (A) and a dorsally displaced caput ulna on the lateral 
view (B) can indicate a TFCC injury.
A B
A fracture at the ulnar styloid base and 
significant displacement of an ulnar 
styloid fracture increase the risk of 
distal radio-ulnar joint instability [150].
 
The diagnostic test accuracy of X-ray 
arthrography is limited for TFCC in-
juries [212]. It is even difficult to dis-
tinguish a TFCC Class 1-B injury with 
a foveal avulsion from a traumatic or 
degenerative central TFCC injury with 
this diagnostic procedure.
Cineradiography or simple fluoros-
copy can be a useful way of demon-
strating abnormal kinematics of 
the scaphoid or lunate during wrist 
motion, especially with ulnar to ra-
dial deviation and with wrist flex-
ion-extension. This can also be useful 
before choosing the type of partial 
carpal fusion recommended surgical-
ly [187].
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Ultrasonography
Ultrasonography has a sensitivity of 
46%, a specificity of 100% and an ac-
curacy of 89% for the evaluation of 
dynamic scapholunate ligamentous 
instability and should only be used as 
an adjunct to other diagnostic mo-
dalities, according to Dao et al., 2004 
[59]. Ultrasonography can, however, be 
useful in determining other extra-ar-
ticular pathology, such as ganglia, 
sometimes associated with wrist liga-
ment injuries.
Computed tomography
CT scanning is not helpful in terms of 
wrist ligament injuries. On the other 
hand, CT is valuable in terms of as-
sessing the complications of ligament 
injuries, i.e. the stage of degenerative 
arthritis, such as SLAC. 
Computed tomography (CT) scanning 
is of little use in terms of detecting the 
pathological subluxation of DRUJ in 
both acute and chronic cases of TFCC 
injury [197]. On the other hand, exami-
nation of the inclination and shape of 
the DRUJ [103] and side comparison of 
the DRUJ to detect early DRUJ arthritis 
is managed effectively by CT. Occult 
carpal fractures, especially scaphoid 
fractures, as well as non-unions, can 
also often easily be revealed by CT.
Magnetic resonance imaging and 
magnetic resonance arthrography
It has been generally accepted that 
appropriate parameter settings for 
magnetic resonance imaging (MRI) 
are most important for high accuracy 
[134, 184, 252]. In 2013, Ringler [184] pro-
posed an MRI strategy for the wrist 
ligaments to increase accuracy in di-
agnosing wrist ligament injuries:
1. Magnetic strength ≥ 1.5-T
2. Dedicated wrist coils
3.  Field of view (FOV) ≤ 10 cm
4.  Slice thickness ≤ 2 mm
5.  Matrix ≥ 384 x 256
6.   MRI sequences including T1, 
fat-saturated PD or T2-weight fast 
spin echo (FSE)
The most important issue, however, 
is an experienced, dedicated radio-
logist, working closely with the hand 
surgeon.
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The signal intensity on the MR image 
is determined by four basic parame-
ters: 
1) Proton density 
2) T1 relaxation time 
3) T2 relaxation time
4) Flow
Proton density is the concentration 
of protons in the tissue in the form 
of water and macromolecules (pro-
teins, fat and so on). The T1 and T2 
relaxation times define the way the 
protons revert to their resting states 
after the radiofrequency pulse. Signal 
intensities on T1, T2 and proton den-
sity-weighted images relate to specific
SEQUENCE EXPLANATION OF SEQUENCE IMPORTANCE
T1- weighted T1 relaxation time for protons For anatomy. 
A true TFCC tear will appear as a linear band 
of increased signal intensity on T1-weighted 
sequences. 
T2- weighted T2 relaxation time for protons For pathology. 
Fat, water and fluid are bright on T2 – ideal 
for picking up tissue oedema.
Demonstrates ligament tears by visualising 
free fluid within the tear.
A true TFCC tear will appear as a linear band 
of very increased signal intensity on T2, 
consistent with fluid. 
PD Proton density – a mixture of T1 and T2 A true TFCC tear will appear as a linear band 
of very increased signal intensity on PD, 
consistent with fluid. 
FS Fat saturation= signal from fat is nulled A complete SL/LT tear is diagnosed when 
there is a distinct area of discontinuity with 
increased signal intensity on T2-weighted FS.
T1-weighted FS is used after contrast admi-
nistration.  
GRE Gradient-recalled echo
T1 or T2 weighted 
T2 weighted is used for cartilage assessment.
3D Three-dimensional isovolumetric
with contiguous thin slices  (1 mm) 
Can be reconstructed in any plane without a 
substantial loss of spatial resolution.
Increases the diagnostic performance.
MRA Magnetic Resonance Arthrography Potential added benefits of joint distensi-
on, increased contrast-to-noise ratio- and 
documentation of abnormal patterns of 
compartmental communication or contrast 
extravasation.
– Invasive technique.
STIR Short-TI Inversion Recovery T2 weighted with nulled signal from fat.
Superior sequence near metallic foreign 
bodies.
Table 6. MR sequences and their importance.
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tissue characteristics.
Intrinsic ligaments – SLL and LTL
The intrinsic ligaments are C-shaped 
(SLL) or V-shaped (LTL) and thin (2-4 
mm). The MRI diagnostics of injuries 
can therefore be challenging and dif-
ficult. One comparative study [22] has 
shown that the sensitivity and speci-
ficity of an SL ligament injury are 64% 
and 87% overall, 57% and 81% using 
1.5-T (Tesla) wrist MRI and 70% and 
94% using 3-T wrist MRI. In the same 
study, the sensitivity and specificity 
of the LT ligament were 22% and 94% 
overall, 22% and 94% using 1.5-T wrist 
MRI and 50% and 94% using 3-T wrist 
MRI [22].
The intrinsic ligaments are best stu-
died in the coronal plane. It is impor-
tant not to misinterpret the normal 
low-signalling fibrocartilage attach-
ment of the SLL or LTL to the higher 
signal articular hyaline cartilage of the 
proximal carpal row as a partial detach-
ment [184]. A complete tear of intrinsic 
ligaments (SLL and LTL) is diagnosed 
on MRI when there is a distinct area 
of discontinuity with increased signal 
intensity on fluid-sensitive sequences 
(IR, inversion recovery and PD fat sa-
turation) or a complete absence of the 
ligament [198, 256]. Other observations 
that may indicate an injury include 
severe distortion of ligament morp-
hology, such as fraying, thinning, or 
abnormal course [257]. Partial SLL and 
LTL tears usually involve two adja-
cent components: either the dorsal 
and membranous components or the 
volar and membranous components. 
Secondary findings on MRI, such as 
the presence of excessive midcarpal 
joint fluid and associated ganglia/sy-
novitis, are sometimes important for 
an awareness of an existing ligament 
injury, but they are generally not help-
ful. The absence of scapholunate dias-
tasis or DISI deformity cannot exclude 
even a complete SLL tear [222]. The one 
potential exception to this is the loss 
of the normal smooth convexity of the 
proximal carpal row. The presence of 
a slight lunotriquetral step-off should 
result in enhanced scrutiny of the LTL. 
A good knowledge of the MRI appea-
rance of ligamentous anatomy, coup-
led with high-quality imaging and cli-
nical history, is much more effective 
then MRI alone [15, 111, 184]. 
TFCC
The sensitivity, specificity and ac-
curacy of 3-T wrist MRI for the TFCC 
is consistently higher compared with 
those of 1.5-T wrist MRI. Some studies 
suggest that 3-T wrist MRI provides 
improved capability for the detection 
of TFCC injuries. In one comparative 
study, the sensitivity and specificity of 
TFCC injury [22] have been shown to 
be 84% and 69% overall, 82% and 59% 
using 1.5-T wrist MRI and 90% and 74% 
using 3-T wrist MRI. 
The interpretation of peripheral at-
tachment tears of the TFCC using MRI 
is much more difficult than that of 
central tears [99]. The small sizes and 
oblique orientations of the radio-ul-
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nar ligaments, ulnar attachments and 
UL and UT ligaments make the visu-
alisation of the important peripheral 
structures far more diffi  cult than that 
of the central disc. A true tear or de-
fect of the TFCC appears as a linear 
band of increased signal intensity on 
T1-weighted sequences, which incre-
ases on PD- and T2-weighted sequ-
ences, consistent with increased fl uid 
content [198, 257]. A communicating 
defect (full-thickness tear) is suspec-
ted when the abnormal signal extends 
to both articular surfaces. A non-com-
municating defect is suspected when 
the abnormal signal involves only one 
articular surface, either the DRUJ or 
RC joint surface. Back in 1994, Sugi-
moto et al. [216] suggested that MRI 
was not able to diff erentiate a de-
generative defect of the TFCC from 
a traumatic defect, which can be 
troublesome. 
Magnetic resonance arthrography 
(MRA) may increase the sensitivity for 
small defects. Nevertheless, clinical 
correlation is critical because many of 
these defects are asymptomatic. While 
the MRI diagnosis of central and radial 
TFCC defects is relatively straightfor-
ward, the accurate detection of pe-
ripheral (Palmer 1B) tears can be sub-
stantially more challenging [99, 169]. 
Characteristic fi ndings of TFCC 1B 
injuries include the separation of the 
TFCC from the distal ulna, with high 
signal intensity proximal to the TFCC, 
a change in the morphology of the ul-
nar attachments and localised fl uid/
synovitis. MRA with DRUJ injection 
can be particularly helpful in these ca-
ses [188].
Figure 31. MRI showing a TFCC 
foveal avulsion.
High-resolution MRI with 3-T also has 
poor sensitivity and specifi city for the 
detection of longitudinal tears of the 
UC ligament [185]. The subluxation of 
the ulnar head relative to the sigmoid 
notch of the radius, as assessed by 
MRI with the wrist in pronation, is a 
solid predictor of lesions of the foveal 
attachment of the TFCC [71].
In 2001, Hobby et al. [111] published a 
systematic review of the diagnostic 
performance of wrist MRI for lesions 
of the TFCC and the intrinsic carpal 
ligaments (SL and LT), among other 
things. For the diagnosis of a comple-
te tear of the TFCC, the overall accura-
cy was 0.81, the sensitivity was 0.83 
and the specifi city was 0.80. The over-
all accuracy for SL injury was 0.85, the
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sensitivity was 0.70 and the specifi ci-
ty was 0.90. The overall accuracy for 
LT injury was 0.82, the sensitivity 0.56 
and the specifi city 0.91. In conclu-
sion, these researchers reported that 
high-resolution MRI was an accurate 
means of diagnosing TFCC tears; alt-
hough MRI was highly specifi c for SL 
and LT ligament injuries, its sensitivity 
was remarkably low. Arthroscopy was 
recommended as the gold standard to 
establish the diagnosis of wrist liga-
ment injuries.
It is reasonable to assume that the 
diagnostic accuracy of MRI for wrist 
ligament injuries will improve in the 
future.  
However, when it comes to health 
economics, MRI is an expensive in-
vestigation (approximately 570 euros 
per MRI, according to Study V). There 
is also increasing demand for eviden-
ce of eff ectiveness in the planning, 
provision and resource allocation in 
the fi eld of health care nowadays. 
MRI is eff ective in terms of intra- and 
extra-articular diff erential diagnostics, 
such as Kienböck’s disease (Figure 32 
A) and ganglia (Figure 32 B). Ganglia in 
the SL joint can sometimes be a con-
comitant sign of occult SL injury [73].
Figures 32. MRI showing Kienböck’s disease (A) and ganglia (B).
A B
ARE NEGATIVE RESULTS OF MRI SUFFICIENT TO DISCONTINUE 
FURTHER DIAGNOSTIC EVALUATION IN TERMS OF WRIST LIGAMENT 
INJURIES?
WHAT IS THE COST OF WRIST MRIs IN THE CATCHMENT AREA?
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1.4 Wrist arthroscopy
Arthroscopy (from Greek; 
άρθρωση – ”joint” and σκοπείν – ”to 
look or see”) can be used to ex-
amine the inside of a joint. It is 
a minimally invasive technique, 
which can be utilised for diag-
nostic purposes, as well as for 
therapeutic interventions. 
1.4.1 History
Wrist arthroscopy was initially used 
for diagnostic purposes when it was 
first introduced in 1979. Yung-Cheng 
Chen then reported on 90 arthros-
copic examinations of the wrist and 
finger joints in 43 patients. F J Bora 
described the wrist arthroscope in a 
brief article in 1985 [45]. The techni-
ques of wrist arthroscopy were refi-
ned throughout the early 1980s. Wrist 
arthroscopy became fully accepted 
as a diagnostic tool around the mid-
1980s. At that time, arthroscopy of the 
wrist was an innovative technique to 
determine whether a patient`s pro-
blems and symptoms could be expla-
ined by pathological findings inside 
the wrist, but, a few years later, wrist 
arthroscopy became increasingly 
used as a therapeutic tool [224]. As a 
temporal comparison, Professor Kenji 
Takagi in Tokyo has traditionally been 
credited with performing the first 
knee arthroscopy as early as in 1919.
1.4.2 Indications, contra-indications 
and complications
Indications
The indications for wrist arthroscopy 
are wide and vary considerably from 
performing a diagnostic procedu-
re for chronic wrist pain to ligament 
reconstructive surgery and fracture 
reduction. Radiocarpal arthroscopy 
should always be accompanied by 
midcarpal arthroscopy, which is es-
sential when making the diagnosis 
of SL and LT instability. The cartilage, 
ligaments and joint capsule can be as-
sessed and the injuries can be evalu-
ated in terms of dynamic instability, 
degree of injury (partial, total), quality 
of the tissue, reparability and healing 
capacity. The grading scale reported 
by Geissler et al. [92] provides a means 
of staging the degree of injury to the 
intrinsic ligaments and instability in 
order to choose the best type of treat-
ment. Other similar grading scales are 
also described in the literature [138].
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Table 7. Geissler’s classification.
Grade I Attenuation and/or haemorrhage of the interosseous ligament as obser-
ved from RC space. No incongruence of carpal alignment in MC space => 
Treatment by immobilisation.
Grade II Attenuation and/or haemorrhage of the interosseous ligament as observed 
from RC space. Incongruence and/or step-off as observed from MC joint. A 
slight gap (less than the width of a probe, < 2 mm) between the carpal bones 
may be present. => Treatment by reduction and pinning.
Grade III Incongruence and/or step-off of the carpal alignment are observed in both the 
RC and MC space. The probe may rotate and pass through the gap (> 2 mm) 
between the carpal bones. => Arthroscopic reduction or open reduction and 
pinning or repair.
Grade IV Incongruence and/or step-off of the carpal alignment are observed in both 
the RC and MC space. Gross instability with manipulation is noted. A 2.7 
mm arthroscope may be passed through the gap between the carpal bones 
(“drive through phenomena”). Total injury => Open reinsertion or ligament 
reconstruction.
EXPLANATION OF THE GEISSLER ARTHROSCOPIC CLASSIFICATION OF CARPAL 
INTEROSSEOUS LIGAMENT TEARS AND RECOMMENDATION OF TREATMENT:
A B
Figures 33. No instability in the LT space, seen from the midcarpal view (A) and Geissler III instability (B) 
where the probe can be rotated in the LT space.
COULD OTHER CLASSIFICATION SYSTEMS FOR INTRINSIC LIGAMENT 
INJURIES (SL, LT) BE RELEVANT IN TERMS OF HEALING CAPACITY AND 
CHOICE OF SURGICAL TREATMENT?
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Contra-indications
Marked swelling, open wounds and 
large capsular tears that might lead to 
the extravasation of irrigation fluid are 
technical limitations and dry arthro-
scopy according to del Pinal et al. is 
then preferable [63, 65]. In their expe-
rience, this technique is as effective as 
the standard procedure, but without 
the disadvantages of fluid extravasa-
tion, which minimises the risk of acu-
te compartment syndrome, especially 
during the arthroscopically assisted 
treatment of intra-articular radius 
fractures. 
Bleeding disorders, neurovascular 
compromise and infection are other 
contra-indications for wrist arthros-
copy.
Complications 
Wrist arthroscopy has the benefit of 
providing the surgeon with a tool for 
therapeutic intervention. Unlike MRI, 
it does, however, suffer from the limi-
tation of being a surgical procedure, 
with associated risks of complica-
tions, however small, 2-5% in all [58, 67, 
76, 239, 254], and the need for regional or 
general anaesthesia.
Complications in wrist arthroscopy 
are therefore rare. Severe complica-
tions such as deep infection and acute 
compartment syndrome are almost 
anecdotal. Dysesthesia and nerve da-
mage in the area of the portals are, 
however, reported in approximately 
2-3% of the patients
A systematic review in 2012 of stu-
dies related to complications of wrist 
arthroscopy in the literature yielded a 
complication rate of 4.7% [254], which 
is higher than the previously reported 
2% [58, 67, 239]. A variety of complica-
tions have been reported, including 
nerve injuries, tendon injuries, ten-
don sheath fistulae, arterial injury, 
cyst development, development of 
carpal tunnel syndrome, de Quervain 
tenosynovitis, chronic loss of mobili-
ty, haematoma development, equip-
ment-related burn injuries and local 
infections. It is possible that this rate 
may be an underestimation because 
of the small number of documented 
studies of wrist arthroscopy. Taken 
together, the complication rate is very 
low, if the surgeon is well experienced.
1.4.3 Equipment, portals and settings
Regional or general anaesthesia is 
needed. The RC and MC joints, to-
gether with the portals subcutaneous-
ly and the posterior interosseous 
nerve (PIN), are also pre-operatively 
injected with local anaesthesia. In ge-
neral, a 2.4-2.7 mm 30°-angled scope 
attached to a fibreoptic light source 
and a digital camera system and mo-
nitor is used. In small wrists, a 1.9-mm 
arthroscope is sometimes necessa-
ry; the 1.9-mm arthroscope can also 
be used in thumb base arthroscopy. 
Traction (5-10 pounds) is needed, pre-
ferably using the ARC® tower, which 
greatly facilitates the instrumentation 
process, by various degrees of free-
dom in rotation and flexion/extension 
of the wrist and elbow, under control-
77CLINICAL AND ARTHROSCOPIC ASSESSMENT OF WRIST LIGAMENT INJURIES AND INSTABILITY
led conditions. A 2-mm hook probe 
is needed to palpate the intercarpal 
ligaments, TFCC, extrinsic ligaments, 
secondary stabilisers, capsule and car-
tilage. A motorised 2.9-3.5-mm shaver 
is used for debridement and a burr is 
needed for bony resection. VAPR for 
thermal shrinkage (partial SLL) [201] 
and suture repair kits (TFCC repair kit, 
Arthrex®) are also very useful for dif-
ferent treatment procedures. The arm 
is exsanguinated and a tourniquet is 
inflated (80 mmHg over the patient’s 
pre-operative systolic blood pressure). 
The RC and MC joints are identified 
with a 22-gauge needle, inserted first 
in the RC joint sloped 10⁰ palmar (nor-
mal volar inclination of a normal radi-
us), and the joint is normally injected 
with 4-6 cc saline, which in the stan-
dard setting also flushes continuously 
through a pump. 
The arthroscopic procedure descri-
bed by Whipple et al. [247] is used. The 
standard portals for wrist arthroscopy 
are mostly dorsal (Figures 34-35), due 
partly to the good view of the impor-
tant intercarpal ligaments and impor-
tant volar structures and the relative 
lack of neurovascular structures on 
the dorsum of the wrist. The dorsal 
portals, which allow access to the RC 
joint, are named after their relations-
hip to the ambient tendon sheaths (see 
below). The first portal to be establis-
hed is the 3-4 portal, located at the soft 
spot in the interval between the third 
dorsal extensor compartment (exten-
sor pollicis longus, EPL) and the fourth 
extensor compartment (extensor digi-
torum communis, EDC, and EIP). The 
4-5 portal (between the EDC and the 
fifth compartment; extensor digiti qu-
inti, EDQ) or the 6R portal (radial to the 
sixth compartment, ECU) is initially 
the “working portal” used for the hook 
and other instruments. Anatomic 
cadaver dissections have been perfor-
med, in order to measure the distan-
ces between the standard dorsal por-
tals and neurovascular structures. The 
1-2 portal (between the first extensor 
compartment, including the extensor 
pollicis brevis, EPB, and the abductor 
pollicis longus, APL, and the second 
extensor compartment, including 
the extensor carpi radialis brevis and 
longus, ECRB/L) was found to be the 
most dangerous, as branches of the 
superficial radial sensory nerve were 
located within a mean of 3 mm from 
that portal [2]. The MC joint is assessed 
through the midcarpal radial portal 
(RMC) and the often somewhat more 
available and accessible midcarpal ul-
nar portal (UMC). DRU portals, located 
1-1.5 cm proximal to the 6R portal, are 
difficult to establish, but can be useful 
in assessing and estimating the quali-
ty of the DRUJ cartilage and the foveal 
insertion of the TFCC. An accessory 
6R portal, located 1 cm distal to the 6R 
portal, is needed if arthroscopic re-in-
sertion of the TFCC is planned. The-
re is also a 6U portal, located ulnar to 
the ECU, and a specific portal for the 
STT joint. All the dorsal portals should 
always be established through a small 
transverse 4-5 mm long incision, just 
through the skin, followed by blunt 
dissection with a small pair of scis-
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sors and a haemostat, to force other 
structures gently apart and to avoid 
unnecessary injury to sensory nerves 
and tendons.
Volar radial (VR) and volar ulnar (VU) 
portals can also be used, with an in-
side-out-technique through “safe 
zones” in the volar joint capsule, to 
assess the palmar aspects of the SLL 
and LTL and to repair dorsal capsular 
ligaments. Slutsky [210, 211] determined 
the safe landmarks for volar portals 
and showed that the median nerve 
is located within a mean of 8 mm ul-
nar to the VR portal, while the palmar 
cutaneous branch is located within a 
mean of 4 mm ulnar to that portal.
Dynamic assessment through careful 
provocation tests could be made 
through the whole arthroscopic pro-
cedure, if needed, together with laxity 
assessments in the MC joint (Geissler 
classification) of the SL and LT and es-
timations of steps and associated car-
tilage injuries. The TFCC is classified, 
according to Palmer and Atzei [26, 27, 
173].
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Figure 34. The most used wrist arthroscopic dorsal portals. 3-4 portal (between the EPL and EDC, EIP), 
4-5 portal (between the EDC, EIP and EDQ), 6R portal (radial of ECU), 6U portal (ulnar of ECU), RMC 
=radial midcarpal, UMC =ulnar midcarpal. The DRUJ portals and the STT portal are also shown.
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D
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E
F
Figures 35. Wrist arthroscopy technique. The DRUJ laxity test and other provocation tests are performed 
prior to surgery (A). The portals are marked and local anaesthesia is injected into the RC joint (B). A gentle 
blunt dissection is performed (C) before introducing the 2.4 - 2.7 mm arthroscope in the 3-4 portal (D) 
and the 2-3 mm probe in the 6R portal (E), followed by a small joint punch (F).
Photos: Tommy Holl
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A thorough examination should be 
made, following a standardised proto-
col (for example see Appendix 3). Un-
der direct vision, the different structu-
res should be probed with a hook and 
stress tests ought to be performed in 
order fully to define ligament tears 
and the degree of mobility. 
According to Lindau [136], there is 
convincing evidence supporting the 
role of arthroscopy in the diagnosis 
and assessment of factors involved in 
the development of carpal instability, 
but evidence of the effectiveness of 
arthroscopic treatment of the condi-
tion of carpal instability is weak.
1.4.4 Injury to the scapholunate and 
lunotriquetral ligaments
Injuries to the intrinsic carpal liga-
ments can be visualised from the RC 
joint – the SLL from the 3-4 portal and 
the LTL preferably from the 6R portal. 
It is important not only to assess the 
unimportant and insignificant prox-
imal membranous portion of SLL but 
also to proceed all the way up to dis-
tal, visualising the dorsal component 
of the SLL. Otherwise, it is easy to 
overestimate the degree and severity 
of the injury. The ligaments and the 
degree of laxity in the SL and LT joint 
can be assessed in a dynamic manner, 
adapting careful wrist provocation 
tests, during the arthroscopy.
Arthroscopy through the MC portals is 
always mandatory for the diagnosis of 
injury and the assessment of instabili-
ty degree, when it comes to SL and LT 
ligament injuries.
1.4.5 Injury to the triangular fibro-
cartilage complex
The different parts of the TFCC (av-
ascular disc, RU ligaments, UC liga-
ments) are examined and probed. An 
attempt is also made to assess the st-
rength of the foveal insertion, by per-
forming the so-called hook test (lifting 
up the TFCC with the hook) and the 
trampoline sign (testing the bounce 
and elasticity of the central portion 
of the ligament) [244], visualised in 
Figures 37-38. However, full examina-
tion of the foveal insertion can only 
be made through a DRU portal. It is 
important to note that laxity of the 
TFCC, demonstrated by the so-called 
trampoline test, does not necessarily 
translate into instability and laxity of 
the DRUJ.
Figure 36. Avulsion injury of the SL ligament 
from the scaphoid with a steep step, diagnosed 
by arthroscopy from the RC view.
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Arthroscopy is the only reliable 
method for assessing the severity of 
ligament injuries of the wrist [15, 111], 
but surgical experience and skills dif-
fer somewhat between examiners and 
the inter- and intra-rater reliability 
of arthroscopic evaluation is mode-
rate [143, 144]. Rettig and Amadio [181] 
have reported an error rate, even for 
experienced arthroscopists, for wrist 
arthroscopy of 6% in 57 patients who 
also underwent open surgery.
Figure 37. TFCC 1 B injury, with a positive hook 
sign. The hook at 2 o’clock is located under the 
TFCC. Right wrist. 
Figures 38. Testing the trampoline eff ect, with the probe at 10 o’clock under the TFCC (A), above the 
TFCC (B) in a left wrist, and 3 o’clock (C), pushing the TFCC, establishing a so-called “wave phenome-
non”, in a right wrist.
A
B
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1.5 Treatment of wrist  
ligament injuries and its  
complications
1.5.1 Non-surgical treatment
The muscles around the wrist act in 
different ways and play different ro-
les in the neuromuscular control of 
the carpus. They can act as stabilisers 
or destabilisers of the joint, depen-
ding on whether or not the carpal li-
gaments are intact. The ECU and FCR 
generate a pronation moment of the 
distal carpal row, which is beneficial 
in most carpal instabilities and plays 
an important role in neuromuscular 
control and the dynamic stability of 
the DRU joint and the MC joint. Selec-
tive training of the FCU (i.e. maximum 
selective flexion of the little finger 
during maximum fist) and ECU and 
PQ is claimed to produce an increase 
in MC and DRUJ stability. 
A combination of proprioceptive, 
neuromuscular training and physi-
otherapeutic treatment regimens ap-
pears to yield the greatest improve-
ment in the sensorimotoric control 
and stability of joints in terms of both 
rehabilitation and treatment strategies 
[13, 250]. However, the more exact role 
of wrist proprioception and neuro-
muscular stability training after wrist 
ligament injuries and carpal instabi-
lity and DRUJ instability needs to be 
further elucidated [232]. Studies of the 
role of proprioceptive training and 
training with neuromuscular control 
after ankle and knee ligament injuries 
[10, 11, 72, 250] have, however, suggested 
that an effective re-educational neur-
omuscular training programme can 
reduce the need for later surgery, es-
pecially in patients with less exacting 
demands.
In terms of surgery of the wrist, it is 
important to minimise damage to 
the innervation of the wrist joint (i. e. 
posterior interosseous nerve in dorsal 
approach), to maintain the important 
mechanoreceptors and free nerve 
endings in the ligaments, which are 
important for sufficient neuromuscu-
lar reflex control [97] and accordingly 
the dynamic stability of the wrist. Free 
nerve endings and ligaments need 
blood supply for survival. 
Functional forearm bracing may be 
effective in reducing the instability of 
the DRUJ without greatly restricting 
motion of the wrist, forearm, or elbow 
[154]. 
Injections of corticosteroids intra-ar-
ticularly (if synovitis) or in the ECU 
tendon sheath (if tendonitis) can be 
helpful initially before physiotherapy 
training. 
Hyaluronic acid (HA) is again recom-
mended for the appropriate patients 
with knee OA, based on a recent-
ly published meta-analysis [229]. In 
terms of wrist pain, there is only one 
recent study which highlights treat-
ment with HA in conjunction with 
wrist arthroscopy [199]. According to 
this study, the benefit of therapeutic 
wrist arthroscopy can be improved 
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by the intra-articular substitution of 
hyaluronan on two occasions. Whi-
le patients with additional HA injec-
tions had significantly better values in 
one of two patient-reported outcome 
measurements, no significant diffe-
rences were observed in absolute grip 
strength and pain intensity.
1.5.2 Surgical treatment 
Scapholunate ligament injury and 
instability
Treatment of acute-subacute SL 
injury
SL injury and deficiency and its treat-
ment remain an unsolved problem in 
wrist surgery. The rupture of all parts 
of the scapholunate interosseous li-
gament, including the strongest dor-
sal part, is likely to progress to carpal 
instability with a predictable pattern 
of degenerative osteoarthritis, known 
as SLAC (scapholunate advanced col-
lapse) wrist [241]. Failure to diagnose 
and treat SL injuries, especially in the 
young adult with high demands, can 
lead to the progressive deterioration of 
function, instability, pain, loss of grip 
strength and finally articular damage 
[217, 242, 243]. Acute total SLL injuries 
need to be treated within four to six 
weeks after trauma with suture repair 
or re-insertion and pinning. Partial 
injuries are not best treated by open 
surgery. The treatment options are 
instead arthroscopic debridement or 
thermal shrinkage, pinning, or physi-
otherapy with the re-education of the 
FCR. It is crucial to diagnose the SLL 
injury in the acute stage, as chronic 
SL instability is very difficult to treat 
because of its complexity. Many diffe-
rent methods have been suggested in 
the past [46, 56, 57, 87, 101, 133], some with 
promising results and some with less 
promising results. It is clinically diffi-
cult to treat SL ruptures and the results 
are inconsistent [142, 157]. The injury is 
often missed because of difficulties in 
the clinical diagnosis and initial nor-
mal plain radiographs. Even if the SLL 
injury is diagnosed acutely, the liga-
ment remnants are often short and re-
tracted, making it difficult to re-attach 
the ends. The SL complex is also ex-
posed to great tension and torsion and 
must be able to sustain great loads. Be-
cause of these factors, it is not unusual 
for SL repairs to deteriorate with time. 
By all appearances, the best treatment 
for scapholunate dissociation is early 
surgical intervention performed di-
rectly when the diagnosis is made. 
This provides the best opportunity to 
restore the anatomy and prevents un-
favourable attritional changes in the 
SLL and the secondary stabilisers of 
the wrist. The dorsal SLL plays a very 
important role in the stabilisation of 
the loaded carpus, but its importan-
ce should not be overemphasised. 
In low-demand patients, good sta-
tus of the secondary stabilisers with 
compensatory effects from the adja-
cent capsule-ligamentous structures 
and the dynamic strength of specific 
muscles may sometimes effectively 
ensure good carpal stability, at least for 
some years [191]. In general, however, 
if an SLL rupture has not healed, the 
risk of progressive joint deterioration 
87CLINICAL AND ARTHROSCOPIC ASSESSMENT OF WRIST LIGAMENT INJURIES AND INSTABILITY
and SLAC development is clear. The 
wrist ought to be better prepared to 
sustain loads if the SL is functional. 
Treatment options are based on clini-
cal stage at presentation and the time 
that has elapsed since injury. Acute 
injuries are arbitrarily defined as tho-
se presented within four weeks after 
the initial trauma, subacute injuries 
as those presented at four weeks to 
six months and chronic injuries as six 
months after the initial trauma. Whi-
le the ideal time for acute repair has 
not yet been defined, all intrinsic liga-
ments tend to undergo rapid degene-
ration in as short a time as two to six 
weeks, after which primary repair may 
be difficult or even impossible and 
meaningless [88]. Early diagnosis and 
open repair is still the gold standard 
and is strongly advocated. Capsulo-
desis is recommended for augmen-
tation simultaneously with ligament 
repair but not as an isolated treatment. 
Direct open repair with ligament su-
tures, osteosutures, or bony fixation 
with bone anchors supplemented by 
K-wire fixation and/or capsulodesis 
[51, 52, 131] produces good results in the 
short and mid-term. Direct repair of 
the SLL is recommended for complete 
tears if there are no signs of arthritis 
and when the secondary wrist stabili-
sers remain normal. During open sur-
gery, it is possible directly to inspect 
the cartilage and look for concomitant 
ligament and chondral lesions. The 
most important dorsal component of 
the SLL is the one that most often can 
be directly repaired. There are no ideal 
treatment options in the subacute set-
ting for the volar part of the SL, as an 
open volar approach requires incision 
through the important secondary sta-
bilisers. A longitudinal dorsal incision 
centred over the scapholunate inter-
val is used. The dorsal retinaculum is 
divided along the third compartment; 
the fourth compartment is subperi-
osteally reflected ulnarly. The wrist 
joint is exposed through a longitudi-
nal capsular incision or with a liga-
ment-sparing technique according to 
Berger and Bishop [36]. The dorsal and 
proximal membranous portion of the 
SLL is evaluated. Once reduced ana-
tomically, percutaneous pin fixation 
from the scaphoid into the lunate and 
from the scaphoid into the capitate is 
performed. This pinning technique 
has been shown to be the strongest 
method [114]. The ligament is then re-
paired using free needles, sutures, os-
teo-sutures and/or bone anchor sutu-
res, depending on the type of injury. 
In some cases, it is easier to place the 
sutures into the ligament prior to the 
final reduction and then simply tie 
them all once the SL joint has been re-
duced and stabilised. A straight direct 
repair with sutures or suture anchors 
has remained a reliable technique in 
the acute setting, but the open techni-
que is limited to the correction of the 
dorsal part of the SLL. Biomechanical 
research has previously indicated that 
only the dorsal SLL needs to be repai-
red to achieve relatively normal carpal 
kinematics in cadavers, but this has 
subsequently been the subject of de-
bate in recent studies [56, 57, 121, 127].
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The mid-term outcome after open 
subacute SL repair overall shows that 
more than 70% of the patients will have 
a significant improvement in pain, 
grip strength will reach approximate-
ly 85% of the normal wrist and motion 
will become almost 80% of that of the 
normal side [51, 52, 131]. Radiographic 
degenerative changes in the long term 
occur in fewer than 30% of patients. 
Exact reduction and percutaneous 
K-wire fixation with or without aug-
mentation with dorsal capsulodesis 
has also been recommended for acute 
partial and total tears. Exact reduction 
and K-wire fixation without open su-
ture [60, 246, 248] has shown good to ex-
cellent results in patients with an acute 
or subacute presentation of SL ruptu-
re. Exact reduction, preferably under 
arthroscopic control in acute cases, is 
necessary when using this method of 
pinning alone. Pins should be left in 
situ for eight weeks. However, there 
are some inherent problems with pin 
fixation, including limited stability 
of fixation and the risk of pin migra-
tion, breakage and infection. Some 
studies have shown that the so-called 
RASL (reduction and association of 
the scaphoid and lunate) procedure, 
e.g. a temporary screw augmentation 
between the scaphoid and lunate, for 
four to six months, results in more ef-
fective SL-gap reduction and SL-angle 
correction [29, 186] both immediately 
and at the short-term follow-up com-
pared with pin fixation. However, no 
long-term follow-up data related to 
these techniques are available. It could 
be argued that it is not particularly ap-
pealing to have a large screw passing 
through the poorly vascularised scap-
hoid. The use of this technique is still 
the subject of debate. When the direct 
repair is weak and difficult becau-
se of poor quality in the ligamentous 
tissue remnants, dorsal capsulode-
sis has been recommended by some 
surgeons. After the acute phase (four 
to six weeks), the ligament is believed 
to heal poorly and it is therefore opti-
mal to intervene soon after the injury. 
If the appropriate conditions in terms 
of reducibility and healing are met, di-
rect ligament repair and capsular aug-
mentation may be used in some cases, 
even if the injury is older [51, 52]. Direct 
repair and augmentation with a dor-
sal capsulodesis in chronic cases with 
dynamic scapholunate instability also 
appears to be favourable in the short 
term in some patients, according to 
Cohen and Taleisnik [51, 52], although 
the results appear to deteriorate both 
clinically and radiographically with 
time in patients who place high de-
mands on their wrist.
Arthroscopic suture techniques of the 
SL and concomitant dorsal capsulo-
plasty have also recently been des-
cribed [64, 66, 147, 148]. Some of these 
studies should, however, be critically 
analysed, as most of the included pa-
tients appear to have had partial inju-
ries.
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Figures 39. Arthroscopic diagnosis of a total SL injury in a left wrist, a so-called Andersson-Garcia-Elias 
Type 1 a – ligament avulsion off the scaphoid, according to our new proposed classification in Study III.
90
Figures 40. Open surgery diagnosis of an SL ligament avulsion injury, diagnosed as Type 1a, according to 
Andersson-Garcia-Elias classifi cation (A). The SLL is repaired with suture anchor and osteosutures (B). (C) 
shows an SL elongation injury - Type 4, according to Andersson-Garcia-Elias. Right wrist.
A
B
C
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WHICH OTHER FACTORS CONTRIBUTE TO THE CHOICE OF TREATMENT 
FOR AN SL INJURY?
Figures 41. Plain radiographs (A/P view) of open SL re-insertion (per-operative view) (A) and at the 1.5-
year follow-up (B). 
Treatment for chronic scapholunate 
dissociation and SLAC wrist
The choice of procedure for SL in-
jury [49, 121] in the absence of arthritis 
depends on the extent of the lesion, 
quality of the ligament remnants and 
reducibility of the joint.
Older injuries with dynamic instability 
which is still reducible can be treated 
by some kind of ligament reconstruc-
tion.
Various tendon reconstruction tech-
niques for the SL have been descri-
bed in the past and the techniques 
have evolved considerably. In the ear-
ly 1990s, a dynamic tenodesis using 
a strip of the extensor carpi radialis 
longus tendon (ECRL) [142] was repor-
ted to improve grip strength compa-
red with pre-operative measurements. 
A strip of the ECRL tendon is left at-
tached distally and is passed through a 
drill hole made from the dorsal aspect 
of the distal scaphoid to the palmar 
tuberosity to create a dorsal tether, 
preventing scaphoid flexion collapse. 
Once in the palmar side, the tendon 
is passed intra-articularly around the 
scaphoid waist to emerge in the dorsal 
incision. To close the SL gap, the strip 
of tendon is passed under the dorsal 
fibres of the lunotriquetral ligament, 
looped around itself and then pulled 
tight to maintain the lunate reduced. 
In 1995, Brunelli and Brunelli [46] sug-
gested the use of a strip of the flexor 
carpi radialis (FCR) tendon to adjust 
both the distal and proximal parts of 
the scaphoid instability with rotatory 
subluxation. The strip of FCR is pas-
sed through a transverse hole drilled 
A B
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Figures 42. The three-ligament tenodesis (3LT). A - schematic drawing (Illustration: Dr Per Fredriksson). B - Ra-
diological appearance. (S= scaphoid, L= lunate, RTq= dorsal radiotriquetral ligament, FCR= flexor carpi 
radialis).
across the distal scaphoid to the dor-
sal part of the scaphoid neck and then 
anchored to the ulnar part of the distal 
radius. Van Den Abbeele [233] modified 
this technique and suggested ancho-
ring the FCR onto the dorsal part of 
the lunate or the dorsal radiotriquetral 
(RTq) ligament instead of crossing 
over the radiocarpal joint. In chronic 
cases (more than six months), tenode-
sis and ligament reconstruction of the 
SL with a part of the FCR tendon may 
be effective in the short term but often 
deteriorates with time. Incorporating 
features from three previously des-
cribed techniques, the three-ligament 
tenodesis (3LT) technique (Figure 42) 
appears to be an improvement.
Using this technique, the FCR tendon 
is used to augment the palmar-distal 
connections of the scaphoid (which 
enhances and replicates the STT liga-
ments), the dorsal SLL is reconstructed 
and the ulnar translation of the lunate 
is reduced (which enhances the dorsal 
RTq ligament) [87]. A longitudinal inci-
sion is made, centred over Lister’s tu-
bercle and the capitate. A distally based 
strip of the FCR tendon approximately 
8 cm long and 3 mm wide is harvested 
and passed through a drill tunnel from 
the palmar tuberosity of the scaphoid 
to the point of insertion of the dorsal 
SLL. The lunate should be easy to re-
duce, otherwise this technique is not 
recommended. A channel over the re-
duced dorsum of the lunate is carved 
with a rongeur and an anchor suture 
is placed in the cancellous bone. The 
FCR strip is then tightened through a 
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slip in the RTq ligament and sutured 
once again to itself under tension. 
K-wire fixation between the scap-
hoid and lunate and scaphoid-capi-
tate should remain in place for eight 
weeks. This 3LT technique has shown 
promising results, with significant 
improvements in pain and improved 
alignment but reduced motion and 
grip strength. In general, modified 
Brunelli ligament reconstruction and 
tenodesis using tendon grafts produ-
ces satisfactory results when it comes 
to correcting reducible chronic SL 
instability in wrists without pre-ope-
ratively notable osteoarthritis. This 
repair technique achieves a relatively 
pain-free wrist, with acceptable grip 
strength and normal SL distance, but 
with loss in the arc of motion and so-
metimes a loss of long-lasting correc-
tion of the SL angle. Garcia-Elias  et al. 
reported a series of 3LT repairs invol-
ving 38 patients [87] with a follow-up 
of approximately four years, in which 
they found that 75% of the patients re-
turned to their normal occupational/
vocational activities and experienced 
significant pain relief at rest. The pa-
tients regained approximately 75% of 
flexion and extension motion on av-
erage compared with the non-injured 
contralateral side. The average grip 
strength was 65% relative to the con-
tralateral side. A recurrence of carpal 
collapse and DISI occurred in only 5% 
of the patients. 
There are now also arthroscopical-
ly assisted ligament reconstruction 
methods that aim to reconstruct both 
the dorsal and volar part of the SLL, as 
described by Corella et al., for example 
[56, 57]. With this approach, it is possible 
to reconstruct the dorsal scapholunate 
ligament and the dorsal and volar se-
condary stabilisers while causing mi-
nimal damage to the soft tissues and 
avoiding injury to the volar secondary 
stabilisers, the posterior interosseous 
nerve and detachment of the dorsal 
intercarpal ligament.
The procedure of dorsal capsulodesis 
was previously used alone, when the 
SLL was not adequate for primary re-
pair. This technique is now used in 
conjunction with primary SLL repair. 
Dorsal capsulodesis was first descri-
bed by Blatt [42]. He used a proximally 
based strip of the dorsal wrist capsule 
to create a dorsal tether to the distal 
scaphoid for stabilisation and to pre-
vent the tendency towards volar flex-
ion and rotatory subluxation of the 
scaphoid. Alternatives are the method 
described by Linscheid and Dobyns 
[142], who used a strip of the dorsal 
intercarpal (DIC) ligament, and the 
Herberts method with a distally based 
capsular flap. However, the use of a 
dorsal capsulodesis [84, 209] alone for 
the treatment of chronic static scap-
holunate instability is not enough. In 
a recent study in 2012, Megerle et al. 
followed the mid-term (mean 8 years) 
results for 50 patients who underwent 
dorsal capsulodesis with a strip of the 
DIC ligament [152]. After significant 
improvement directly post-operative-
ly, the mean scapholunate and radiol-
unate angles deteriorated to pre-ope-
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rative values at final follow-up and 
the authors showed that capsulodesis 
alone was unable to maintain carpal 
reduction over time. They also found 
some evidence of early degeneration. 
Dorsal capsulodesis alone is not a re-
commended technique nowadays.
In cadaveric and clinical studies, the 
strength of bone-ligament-bone 
grafts [101, 165, 236] has been shown to 
be similar to that of the normal liga-
ment. More commonly used grafts are 
bone-retinaculum-bone, second or 
third metacarpal-carpal bone, or ha-
mate-capitate grafts, with or without 
screw augmentation. There is some 
lack of long-term results for this type 
of surgery, which makes it difficult for 
hand surgeons to determine its appro-
priate use. Early results have indicated 
that this method could play an impor-
tant role in the treatment of scapholu-
nate dissociation in the future [101], but 
the consolidation of the graft in this 
compromised area is difficult and this 
technique still needs further research. 
Van Kampen et al. state that they have 
abandoned the technique of bone-li-
gament-bone graft for scapholunate 
injury for other less technically de-
manding procedures [236].
A new method, the SL axis method 
(SLAM) for SL-ligament reconstruc-
tion, has also shown promising re-
sults in a cadaveric study. The SLAM 
appears to achieve an improved and 
closer SL interval and better SL-angle 
correction compared with conven-
tional techniques of SL-ligament re-
construction, according to Lee et al. 
[133]. The method provides compres-
sion centrally and thereby improves 
the strength of both the dorsal and 
volar parts of the SL joint. No clinical 
results related to this method have so 
far been reported.
In symptomatic static irreducible 
scapholunate dissociation (SLD), the 
most commonly advocated treatment 
is partial fusion. SL fusion is probably 
the least reliable option, with small 
areas of bone contact and a high se-
parating force in the SL interval by the 
capitate. Non-union has been repor-
ted in approximately 50% using this 
method. STT fusion is a more difficult 
but more reliable option, with an av-
erage rate of non-union in all repor-
ted series of 14% [88, 89, 241, 242, 243]. The 
goal is to re-align the proximal pole 
of the scaphoid with the scaphoid 
fossa of the radius. It is important to 
Figure 43. Plain radiograph (A/P view) of the 
SL axis method (SLAM), with a centrally fixed 
tendon graft in the lunate.
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maintain the external proportions 
of the bones and to achieve correct 
alignment of the scaphoid with a ra-
dioscaphoid angle of between 40° 
and 60°. Over-reduction must be av-
oided because of restricted motion 
and impingement. Under-reduction 
with a preserved SL gap can also be a 
problem. SC arthrodesis has the same 
kinematic carpal behaviour and the 
consequences are the same as for 
STT fusion with abnormal load trans-
fer and the loss of midcarpal range of 
motion. This means that one-third of 
the reduction in flexion and only half 
the radial deviation remain. Despite 
this, the results so far are fairly promi-
sing from the short experience to date, 
with 75% grip strength and little disa-
bility. Most daily activities involve the 
dart-throwing motion (extension-ra-
dial deviation to flexion-ulnar devia-
tion) [85, 86] and this motion occurs in 
the midcarpal joint. Radioscapholu-
nate (RSL) fusion and distal scaphoi-
dectomy could therefore be a good 
choice, especially if there are degene-
rative cartilage changes in the radio-
carpal joint and the midcarpal joint is 
normal. The early results of this fusion 
published so far are promising. 
The surgical management of the de-
generative wrist due to SLAC is still 
a challenging choice among several 
different surgical options. Total wrist 
fusion historically provides predicta-
ble pain relief at the cost of a complete 
loss of motion and shock absorption. 
The complication rate in total wrist 
fusion is also relatively high (approx-
imately 15%). In the event of an SLAC 
wrist, only some kind of salvage ope-
ration can be recommended. Wrist de-
nervation can only be used selectively. 
In SLAC I, a radial styloidectomy may 
relieve the pain and postpone further 
surgery. In SLAC II, the most used op-
tions are proximal row carpectomy 
(PRC) or four-corner fusion (4CF). In 
the short term, these two operations 
produce similar results with pain relief 
and an ROM (range of motion) of flex-
ion 30° to 40°, extension 30° to 40° and 
75% maintained grip force [163, 192, 235]. 
In SLAC III (midcarpal arthritis), the 
only alternative is 4CF or perhaps PRC 
plus resurfacing of the proximal part 
of the capitate with RCPI (resurfacing 
capitate pyrocarbon implant). In older 
patients, with a low ROM pre-opera-
tively and a round and blunt-shaped 
capitate, PRC can be recommended. 
In patients younger than 35 years or 
with a pointed, peaked and narrow 
capitate, 4CF can be recommended. 
Some scepticism is, however, in order 
in terms of the long-term viability of 
a joint with a completely mismatched 
articular surface between the capita-
te and the lunate fossa of the radius. 
Long-term radio-capitate degenera-
tion after more than 10 years of fol-
low-up is, however, often asympto-
matic and generally only present in 
about 10%-20% of patients after PRC. 
However, several other studies have 
reported a significantly larger num-
ber of patients with secondary arthri-
tic changes after PRC, although most 
are symptom free. There is a lack of 
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well-conducted studies, but Mulford 
et al. [163] reported and confirmed in a 
systematic review that both 4CF and 
PRC produce a clear improvement in 
pain and subjective outcome mea-
surements for patients with sympto-
matic SLAC wrists. PRC can perhaps 
provide a better post-operative ROM, 
with less risk of the potential com-
plications specific to 4CF (10% more 
complications occurring; such as 
non-union, hardware problems and 
dorsal impingement). This systematic 
review reported that the risk of subse-
quent osteoarthritis, albeit most often 
asymptomatic, is significantly higher 
after PRC. Subjective outcomes and 
quality of life, pain relief, motion and 
grip strength appear to be similar in 
both groups.
Total wrist fusion is an option in SLAC 
IV, but, particularly in the United Sta-
tes, total wrist replacement has incre-
ased in number in the last few years, 
as the survival rate of the new gene-
ration of arthroplasties has increased 
markedly [55].
A
Figure 44. Plain radiographs (A/P view) of proximal row carpectomy (PRC) (A) and four-corner fusion 
(4CF) (B).
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Table 8. Treatment of SL ligament injury in different stages.
Abbreviations: DISI= dorsal intercalated segment instability; FCR= flexor carpi radialis; 
4CF= four-corner fusion; PRC= proximal row carpectomy; RCPI= resurfacing capitate pyrocarbon 
implant; SL= scapholunate; SLAC= scapholunate advanced collapse; 3LT= three-ligament tenodesis
SL-
LIGA-
MENT 
INJURY        
-DIFFE-
RENT 
STAGES
STAGE 1
PRE- 
DYNAMIC OC-
CULT INSTABI-
LITY, PARTIAL 
TEAR
STAGE 2
DYNAMIC 
INSTABILITY
STAGE 3
STATIC 
INSTABIL- 
ITY, NO DISI 
AND EASILY 
REDUCIBLE
STAGE 4
DISI
STAGE 5
SLAC
Injured 
ligaments
Partial SL injury 
(volar)
Dorsal SL liga-
ment intact
Incompetent 
dorsal SL  
ligament  
or 
Total SL liga-
ment complex 
injury + partial 
injury 
or
Attenuation of 
volar secondary 
stabilisers
Complete 
SL injury and 
injury or  
Attenuation of 
volar or dorsal 
secondary 
stabilisers
Complete 
SL injury 
with 
secondary 
changes 
of all 
secondary 
stabilisers
As in Stage 4
Static 
radio-
graphs
Normal Usually normal SL gap  
≥ 3 mm
SL gap  
> 3 mm
+ 
SL angle  
> 60–80°
I Arthritis: 
radial styloid
II Arthritis: 
radioscaphoid
III Arthritis: 
midcarpal
IV Panarthritis
Stress 
radio-
graphs
Normal, but 
abnormal fluoro-
scopy
Abnormal Grossly abnor-
mal
Unneces-
sary exami-
nation
Unnecessary 
examination
Choices of 
treatment
Arthroscopic 
debridement or 
thermal shrin-
kage, pinning or 
capsulodesis, or 
Physiotherapy 
with re-educa-
tion of FCR
Open SL- repair 
or
Re-insertion  
with dorsal 
capsulodesis as 
an augmen-
tation
Open SL- 
repair with 
capsulodesis 
or 3LT- 
ligament-re-
construction 
or other simi-
lar ligament 
reconstruction
Reducible: 
3LT- 
ligament- 
recon- 
struction
Fixed: 
Some kind 
of
intercarpal 
fusion
I Radial  
styloidectomy
II 4CF or PRC
II 4CF or PRC 
+ RCPI
IV Total wrist 
fusion or total 
wrist replace-
ment
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Lunotriquetral ligament injury and 
instability
The management of LT lesions should 
be based on both the chronicity of the 
injury and the laxity of the LT joint. 
Non-surgical treatment or minimally 
invasive approaches, such as tempo-
rary arthroscopic pinning of the LT 
joint in mild cases (i.e. without disso-
ciation or VISI deformity), are emp-
hasized [234]. Dissociative LT injuries 
without VISI deformity, either acute 
or chronic injuries not responding to 
non-surgical treatment, may benefit 
from surgical intervention. The avai-
lable data suggest that ligament repair 
provides good outcomes in this group 
[234]. Accordingly, temporary arthro-
scopic pinning and debridement are 
minimally invasive procedures that 
can be recommended when it comes 
to acute or old partial to subtotal LT 
injuries. When more dissociative LT 
injury and instability is present, soft 
tissue repair of the LT ligament or re-
construction using a strip of the FCU 
or ECU through drill holes in the tri-
quetrum and lunate bones could be 
effective procedures. Fusion of the LT 
joint could be a good choice in older 
injuries, but the rate of non-union 
appears to be high – a mean of app-
roximately 30% but up to 57% has been 
reported [200, 234].
Ulnar shortening osteotomy can also 
be a valid treatment option when it 
comes to improving grip strength and 
reducing symptoms in patients with 
post-traumatic isolated LT injuries 
[155], as well as in patients with conco-
mitant partial TFCC injuries, especi-
ally in those who have a concomitant 
positive ulnar variance.
Figure 45. Ulnar shortening osteotomy of 4 
mm, due to LT injury and a positive ulnar vari-
ance of 3 mm. Stability of the osteotomy secu-
red by a compression LCP plate (Acumed®). 
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LT ligament quality is a decisive factor 
for the treatment options. In patients 
with chronic LT injuries (both parti-
al and complete and in some studies 
accompanied by dynamic instability), 
arthroscopic debridement provides 
good functional and patient-repor-
ted outcomes in many patients. It has 
not been possible to find comparisons 
between debridement with or without 
thermal shrinkage in the literature. 
Although none of the studies in the 
literature [234] has made direct com-
parisons, arthroscopic procedures are 
less invasive and appear to be effec-
tive, preferably in mild LT instability. 
Fusion of the LT joint is a procedure 
with good clinical results in many pa-
tients but with a relatively high com-
plication rate.
TFCC injury and DRUJ instability
The anatomical location of traumatic 
lesions of the TFCC is one of several 
factors that impact the surgical treat-
ment [172, 174].
Evidence is lacking to support aggres-
sive early surgical management when 
TFCC tears, especially partial ones, are 
diagnosed in association with distal 
radius fractures in adults [160].
In general, 15-20% of patients who 
have undergone re-insertion of the 
TFCC undergo a subsequent re-ope-
ration, due to re-instability of the 
DRUJ, regardless of an arthroscopic or 
open approach [21].  
Female gender is significantly asso-
ciated with a higher rate (4–5 times) 
of re-operation. In comparison, the 
re-operation rate in anterior cruciate 
ligament (ACL) reconstruction, due to 
re-instability, is 3–4%. Playing soccer, 
female gender and adolescence (age 
13–19 years) at the time of ACL re-
construction predict revision surgery 
after ACL reconstruction and show, 
however, markedly higher revision 
rates [14]. 
Arthroscopic debridement, which le-
ads to significant improvements in 
DASH and pain scores [164], appears to 
be a sufficient and reliable treatment 
option for the majority of patients 
with degenerative central TFCC inju-
ries, i.e. Palmer type-2C lesions [173]. 
Patients with a positive ulnar variance 
of > 2 mm may be treated by arthro-
scopic wafer osteotomy [227] or open 
ulnar shortening [164], to spare them 
prolonged symptoms.
Figure 46. Central excision and debridement of 
a degenerative central TFCC lesion.
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Figure 47. Radiological appearance after an arthroscopic wafer procedure and pin fi xation of the LT, due 
to ulnar impaction syndrome and a degenerative TFCC injury and LT injury.
Ulnar-sided TFCC lesions, Palmer 
type 1B, which are predisposed to 
cause DRUJ instability can be treated 
using either an open approach [54, 91] 
or an arthroscopically assisted proce-
dure with transosseous sutures or an-
chors [28, 34].
The TFCC can also be re-inserted in 
open surgery using bone anchors or 
arthroscopically using push-lock an-
chors. Before tightening the sutures 
fi rmly, the elbow should be fl exed, 
the forearm elevated and in a neutral 
position and the ulnar head reduced. 
Stabilising procedures and suture 
techniques without prior reduction 
may lead to persistent or recurrent 
DRUJ laxity with instability symptoms 
after surgery.
Re-operation for DRUJ instability is 
needed in 15-20% of the patients, re-
gardless of whether open or arthros-
copic re-insertion is performed [21]. 
There is an increased risk of re-ope-
ration in females, probably because 
of a physiological higher degree of 
laxity. There is also a slightly increa-
sed rate of post-operative superfi cial 
ulnar nerve injury leading to recurrent 
local dysesthesia and pain in open 
surgery, compared with arthroscopic 
TFCC-re-insertion techniques.
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Extra-articular ligament reconstruc-
tion, i. e. Adams reconstruction [3, 4, 
5], is technically demanding, but it is 
primarily indicated in patients with 
global instability, including instability 
present also in supination and as an 
option for re-operation after less suc-
cessful TFCC re-insertions. 
DRUJ instability strictly in a neutral 
position is often best treated by ulnar 
shortening osteotomy, tensioning 
the ulnocarpal ligaments and the dis-
tal part of the interosseous ligament 
between the radius and ulna (IOM). At 
the same time, the ulnar shortening 
procedure can stabilise the DRUJ by 
increasing the intra-structural ten-
sion of the TFCC only when the ra-
dio-ulnar ligament (RUL) is attached 
at least partially to the ulnar fovea [167]. 
This procedure is also indicated if the 
patient has an positive ulnar varian-
ce, where it is known that the result 
of TFCC re-insertion alone is not en-
couraging [227].
The most common cause of post-trau-
matic disorders of the DRUJ is malu-
nion of a distal radial fracture, which 
can be avoided by early treatment. If a 
patient comes with pain and/or stiff-
ness of the wrist, as well a morpholo-
gical alterations of the DRUJ, the fol-
lowing should be considered.
– Whenever there is a choice between 
a resection arthroplasty and radial os-
teotomy with or without ulnar shorte-
ning, the latter is to be preferred.
Figure 48. Open re-insertion of the TFCC with 
five transosseous sutures. Left wrist.
Figure 49. Arthroscopic re-insertion with  
push-lock suture anchor (Arthrex®). Left wrist.
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– Whenever there is a choice between 
a hemiresection arthroplasty and 
more extensive operations, the former 
is to be preferred.
– Darrach, resection of the distal end 
of the ulna [61], and Sauvé-Kapan-
dji, distal radio-ulnar fusion with a 
pseudarthrosis of the ulna proximal 
to the fusion [195], are both salvage 
operations. The former is preferable 
in older patients, the latter in younger 
ones.
– Ulnar-head prostheses [30] and 
DRUJ-stabilising Aptis-Scheker pro-
stheses [179] are gaining in popularity, 
but they should only be used in selec-
ted cases and are still the last method 
of choice. The insertion of one of the-
se implants should also be regarded as 
a salvage operation.
1.5.3   Results and prognosis after 
surgical treatment
The results and prognoses after the 
most used surgical techniques for 
wrist ligament injuries and their sequ-
elae are shown in table 9-11 below.
SL injury
Table 9. The results and prognosis after the most used surgical techniques for SL injury in different 
grades, types and stages are shown in the table below.
SURGICAL 
PROCEDURE
WHEN? BENEFITS FUNCTIONAL OUT-
COME
PATIENT 
REPORTED 
OUTCOME
COM-
PLICA-
TIONS
Arthroscopic 
debridement 
+/- shrinkage 
+/- pinning
Predynamic 
occult insta-
bility, partial 
tear, acute total 
tears
Easy
Fast
Geissler grade 1-2:     
Arthroscopic debride-
ment: Symptomatic 
improvement in 85%.
Shrinkage: 80-90% 
improvement
Total injury:
Pinning: 2/3 
impro-
vement, 
(follow-up 
two years) 
but long-
term results 
are not 
satisfactory
-
Arthroscopic 
suture
Study III: 
Acute-suba-
cute Anders-
son-Garcia-Eli-
as Type 3 and 
possible 4.
Partial tear or 
total with liga-
ment remnants 
on both sides
Atraumatic
Minimally 
invasive
Less wrist 
stiffness
92% grip strength
Excellent ROM
Only short-term 
results
97% 
satisfied 
Pain score 
significantly 
reduced 
25% un-
corrected 
DISI
Open suture Study III: 
Acute-suba-
cute Anders-
son-Garcia-Eli-
as Type 1 and 2
Acute-subacute 
injuries
Restores 
the ana-
tomy
Grip strength – 85% 
of the normal wrist. 
ROM– almost 80% 
of that of the normal 
side
70% of the 
patients–
significant 
improve-
ment in 
pain
Radio-
graphic 
dege-
nerative 
changes 
in the 
long 
term: 
25% 
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Dorsal caps-
ulodesis, i.e. 
Blatt
Earlier by itself 
when the SLL 
is not adequate 
for primary 
repair 
Now preferably 
in conjunction 
with primary 
SL–repair
- - In short 
term, the 
same 
result as 
ligament 
re-
construc-
tion
Deteri-
orates 
with time, 
carpal re-
duction is 
lost, DISI 
relapses 
and some 
dege-
nerative 
findings 
are noted 
after 
eight 
years
Brunelli, 
Corella and 
3LT-liga-
ment-re-
construction
Static instability 
and
no DISI 
or  easily
reducible DISI.
No signs of 
degenerative 
arthritis.
Anatomic 
re-
construc-
tion
ROM– 75% of flexion 
and extension com-
pared with the non- 
injured side. 
Grip  
strength– 65%
75% return 
to their 
normal oc-
cupational/ 
vocational 
activities
Recur-
rence of 
carpal 
collapse 
and DISI:
5%- 25%
SLAM Same as above Stronger 
SL- fixation 
than liga-
ment- re-
construc-
tion above
- - No 
clinical 
studies
Partial fusion 
(SL, STT, SC)
Fixed, not redu-
cible DISI
Difficult! Grip strength -75% Non-uni-
on rate:
SL-fusion: 
50%
STT-fusi-
on: 14%
PRC SLAC II    (and 
III)
Not 
dependent 
on bony 
healing
ROM- flexion/ exten-
sion:  
30°- 40° 
Grip strength– 75% 
Good-fair 
pain relief.
Clear im-
provement 
in outcome 
measure-
ments
Overall 
compli-
cation 
rate 14% 
Long-
term 
radioca-
pitate 
degene-
ration > 
10 years 
fol-
low-up: 
10% to 
20%
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4C- fusion SLAC II-III Carpal 
height 
preserved
ROM– flexion/ ex-
tension:  
30°- 40° 
Grip strength–75%
Radial deviation and 
grip strength better in 
4CF than PRC
Good-fair 
pain relief
Clear im-
provement 
in subjecti-
ve outcome 
measure-
ments
Overall 
compli-
cation 
rate: 29% 
More 
compli-
cations 
than PRC; 
such as 
nonunion 
(< 10%), 
hardware 
problems 
and 
dorsal 
impinge-
ment
Total wrist 
fusion
SLAC IV Provides a 
stable joint 
that with-
stands the 
functional 
demands 
of heavy 
manual 
labour
ROM: 0
Grip strength 
improves, but ends 
most often at 65% of 
contralateral side
Pain relief– Complete 
pain relief variable; 
25-100%
Return to 
former 
employ-
ment: 
52-85%
Compli-
cation 
rate 13-
17%
ROM: 0
Total wrist 
arthroplasty
SLAC IV Preserved 
ROM
Preserved or slightly 
improved ROM
Improved grip st-
rength
High 
degree of 
satisfaction
Significant 
pain relief
Compli-
cation 
rate 21-
30%
Survival 
rate of 
implant: 
80% at 10 
years
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LT injury
Table 10. LT injury. The results and prognosis after the most used surgical techniques for LT injury in 
different grades and stages.
PROCEDURE WHEN? BENEFITS FUNCTIONAL 
OUTCOME
PATIENT 
REPORTED 
OUTCOME
COMPLI-
CATIONS
Arthroscopic 
debridement 
+/- thermal 
shrinkage     
+/- pinning
Partial and 
chronic tears, 
above all 
Fast
All arthro-
scopic 
procedure
No statistical 
improvement in 
ROM 
Post-op grip st-
rength: 67-96% of 
the normal side
Generally 
satisfactory: 
72-100% 
relief of 
symptoms
4% neuro-
praxia of 
dorsal ulnar 
branch.
7% pin 
infections
Soft tissue re-
construction
Total chronic 
injury without 
carpal collapse
Enables 
anato-
mical re-
construc-
tion
Possibility 
to repair 
total inju-
ries
ROM: 85% of 
normal side
Postop grip st-
rength: 65-85% of 
the normal side
62-100% 
satisfied 
patients
13-25% 
complica-
tion rate
4-25% 
re-opera-
tion rate
Neuraprax-
ia of the 
dorsal ulnar 
branch,      
piso-tri-
quetral 
problems, 
exten-
sor carpi 
ulnaris 
tenderness
<5% non- 
union
Ulnar 
shortening 
osteotomy
Post-traumatic 
isolated LT- 
injuries,
LT injury + par-
tial TFCC injury, 
especially when 
concomitant 
ulnar positive 
variance
Easy
Almost 
100% 
union 
rate (<5% 
non-uni-
on)
Almost 100% of 
patients improve 
significantly, inclu-
ding grip strength
Almost 
100% of 
patients 
improve 
significantly 
including 
patient- 
reported 
outcome 
scores
Almost 50% 
require  
later 
removal of 
plates
LT arthrodesis Chronic total 
injuries
More severe and 
therapy- resistant 
LT– instability
As a re-operation
The most 
studied 
procedure
ROM 85 % of nor-
mal side - 70-130⁰ 
flexion-extension 
arc, 30-65⁰ radi-
al-ulnar-deviation 
arc
Post-op grip 
strength 55-95% 
of normal side
Mean 
non-union 
rate:  31% 
(0-57%)
Average 
satisfaction 
rate: 63%
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TFCC injury and DRUJ instability
Table 11. TFCC injury and DRUJ instability – The results and prognosis after the most used surgical 
techniques for TFCC injury in different classes and stages.
PROCE-
DURE
WHEN? BENEFITS FUNC-
TIONAL 
OUTCOME
PATIENT 
REPORTED 
OUTCOME
COMPLICA-
TIONS
Debride-
ment
Central 1A or de-
generative (2A-D) 
TFCC injury
Fast
All arthro-
scopic 
pro-cedure
66-87% suc-
cess rate  
- -
Wafer Central 1A or de-
generative (2B-D) 
TFCC injury + ulnar 
positive variance + 
no DRUJ instability
Can easily be 
performed 
arthroscopi-
cally
No need for 
osteotomy
90% 
good-ex-
cellent 
outcome
Max 2-3 (5) mm 
positive ulnar 
variance can be 
corrected
Arthro-
scopic 
suture/ 
re- inser-
tion of 
TFCC
TFCC 1B injury with 
DRUJ 
instability
Less trau-
matic, minor 
scar, compa-
red with open 
surgery
ROM: 
Sup/pro 81%
Flex/ext 72% 
(of contrala-
teral side)
Grip st-
rength:
71% (of con-
tra-lateral 
side)
Post- operative 
nerve pain (ulnar 
nerve branch): 
22%
ECU-tendinitis 
11%
Re-operation 
rate: 25% 
Re-operation, 
due to DRUJ 
instability: 14%
Open re- 
insertion 
of TFCC
TFCC 1B injury with 
DRUJ 
instability
ROM:
Sup/pro 79%
Flex/ext 68% 
(of contrala-
teral side)
Grip st-
rength:
73% (of con-
tra-lateral 
side)
Post- operative 
nerve pain (ulnar 
nerve branch): 
36%
ECU tendinitis 
26%
Re-operation 
rate: 28%
Re-operation, 
due to DRUJ 
instability: 20%
Adams 
ligament 
re-
construc-
tion
Global DRUJ 
instability
Re-operation after 
less successful 
TFCC-reinsertions
Reconstructs 
both the volar 
and dorsal 
radio-ulnar 
ligaments
85% obtain 
DRUJ sta-
bility
All patients 
achieve 
almost full 
forearm 
rotation 
(pro/sup),    
–if primary 
surgery
Persistent joint 
pain, recur-
rent instability, 
stiffness, and 
weakness can 
occur, particu-
larly if re-ope-
ration after prior 
surgery 
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Ulnar 
shor-
tening 
osteo-
tomy
Partial TFCC 
avulsion
Concomitant LT 
injury
Positive ulnar 
variance
Extra-articu-
lar procedure 
Tightening  
up/ strength- 
ening TFCC 
+ LT + UC + 
IOM
Improved 
ROM and 
grip strength
90% patient 
satisfaction
90% 
good-ex-
cellent 
results
30% impro-
ved patient 
outcome 
scores
<5% non-union
Almost 50% 
require hardware 
removal
Darrach Alterations of the 
DRUJ in elder-
ly patients with 
painful, arthritic 
DRUJ, chronic 
DRUJ instability 
or dislocation and 
incongruity with 
mechanical im-
pediment of ulnar 
function
Easy -
Salvage 
procedure
-
Salvage 
procedure
Radioulnar 
impingement in 
approximately 
10% – sympto-
matic in less than 
50% of these 
patients  
A very difficult 
condition to treat 
successfully
Sauve- 
Kapandji 
Of advantage in 
younger patients 
with pain and DRUJ 
arthritis
Chronic DRUJ 
dislocations
Unstable 
proximal 
ulnar stump 
can be 
avoided if the 
pseudarthro-
sis is created 
as distally as 
possible
-
Salvage 
procedure
-
Salvage 
procedure
Sometimes cre-
ates an unstable 
proximal ulnar 
stump
DRUJ 
arthro-
plasty 
(Aptis- 
Scheker)
DRUJ instability 
+ painful DRUJ 
arthritis
Restores 
DRUJ stability 
and normal 
DRUJ kine-
matics
No signifi-
cant impro-
vement in 
ROM 
Significant 
improve-
ment in 
Grip strength 
and pain 
relief 
Significant 
impro-
vement 
in patient 
reported 
outcomes
Five-year survival 
rate of implant: 
96%
ECU tendonitis 
19%
Ulnar 
head 
prost-
hesis
Painful DRUJ 
arthritis
Preserved, 
unchanged 
ROM, but 
supination 
increased 
from 55° to 
70°
Grip strength 
80%
High satis-
faction rate
7.5- year survival 
rate: 100%
Re-operation for 
painful instability: 
5%
The results and prognosis after the treatment of SL, LT and TFCC injury in different stages are displayed 
in the three tables above, which is a compilation and summary of the common treatment guidelines, 
this Thesis and the following current studies and reviews: [4, 21, 30, 49, 60, 87, 109, 152, 155, 179, 192, 201, 218, 234, 246, 
248].
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The overall aim and purpose of this 
thesis was to evaluate the current di-
agnostics of wrist ligament injuries, 
to improve the clinical diagnostics 
and evaluation and to improve the 
classification of the injuries in order 
to determine whether surgery is ne-
cessary and, at the end of the day, 
the choice of surgical approach.
2.1 Study I
The aim of this study was to assess 
whether wrist arthroscopy was ne-
cessary in order to make a diagnosis 
of wrist ligament injuries or whether 
negative results of MRI and provoca-
tion tests were sufficient to disconti-
nue further diagnostic evaluation. The 
hypothesis was that MRI and clinical 
provocation tests were unable to rule 
out the possibility of a clinically rele-
vant ligament injury.
2.2 Study II
The aim of this study was to assess 
whether children and adolescents have 
a different pattern of injuries associa-
ted with DRUJ instability and the kind 
of injuries that could be associated with 
subsequent dorso-ulnar wrist pain and 
DRUJ instability. The hypothesis was 
that isolated TFCC ruptures are more 
common than previously assumed.
2.3 Study III
The aim of this study was to assess the 
relative incidence of the different failu-
re modes of the dorsal SL ligament and 
to establish a new classification for SL 
tears, in order to contribute to the choi-
ce between the various surgical treat-
ments available. In particular, the aim 
was to ascertain which patients might 
benefit from arthroscopic repair.
2.4 Study IV
The aim of this study was to correla-
te patients with DRUJ instability and 
arthroscopically verified TFCC in-
jury with reduced peak torque during 
both pronation and supination on 
their injured side compared with their 
non-injured side.
2.5 Study V
The aim of this study was to perform 
an updated cost analysis, comparing 
the cost of referrals for MRI in Region 
Västra Götaland with a thorough cli-
nical examination by an experienced 
hand surgeon. The purpose was also 
to calculate other costs, such as sick 
leave, and to present an algorithm for 
the diagnosis and treatment of sus-
pected wrist ligament injuries.
AIMS
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Table 12. Study I–IV at a glance.
STUDY I STUDY II STUDY III STUDY IV
Type of 
study
Systematic 
review of wrist 
ligament 
diagnostics
Retrospective epi-
demiological study 
of TFCC injury and 
DRUJ instability in 
children
Retrospective metho-
dological study of 
classification of SL 
ligament injury
Prospective 
methodological 
study of clinical 
assessment and 
evaluation of TFCC 
injury and DRUJ 
instability
Years 2000-2014 2006-2011 2003-2011 2013-2015
Conclusion Wrist arthros-
copy is needed 
for diagnosis 
of wrist liga-
ment injuries
Awareness!
Isolated TFCC 
injuries do exist in 
children
Four different types 
of SL injury => Deci-
sive for the choice of 
surgical approach and 
healing conditions
New objective 
clinical addition to 
the diagnostics and 
evaluation of TFCC 
injury and DRUJ 
instability
  30% torque if 
TFCC injury
Numbers 327 (MRI)
105 (clinical 
tests)
85
(among those 18 
isolated TFCC 
injuries)
45
Acute: 10 
Chronic: 35  
Open  
classification: 27 
Arthroscopic classifi-
cation: 18
20
(18 TFCC  
–type 1B)   
and
15 normals   
(reliability test of 
measurement 
technique) 
Side 64% non-domi-
nant hand
71% dominant hand 65% non-dominant 
hand
Gender 55% female 67% male 60% female
Age Mean age 35 Mean age 14 years Mean age 38 years Mean age 31 years
Trauma 48% high 
energy trauma
40% high 
energy trauma
Level of 
evidence
Diagnostic 
level II, 
Systematic 
review of level 
II diagnostic 
studies
Case series, level 
of evidence IV
Case series,  
level of evidence IV
Prospective case 
series, level of 
evidence IV             
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Methods in Study I
A systematic review is a structured 
objective review of the literature, with 
a clear question formulated in advan-
ce. In a systematic review, it is crucial 
to assess the potential risks of bias in 
all terms. The inclusion and exclusion 
criteria should be predetermined and 
the data extraction should be standar-
dised . A quality appraisal of included 
studies and a synthesis of data from 
the included studies should then be 
conducted. A pre-determined primary 
outcome measurement, cut-off values 
and data-extraction sheet (see Appen-
dix 1) should be prepared before the 
beginning of the study. 
Data items obtained from included 
articles are usually as follows: parti-
cipants, interventions, comparisons, 
outcomes, study design and setting 
(PICOS), allocation, sample size and 
possible bias.
A systematic review should prefera-
bly be conducted and data should be 
extracted according to the Preferred 
Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) 
statement [156] and the included stu-
dies should be quality assessed using 
the updated revised Quality Assess-
ment of Diagnostic Accuracy Studies 
(QUADAS-2) tool [249], recommended 
by the Cochrane Collaboration. The 
PRISMA statement consists of a 27-
item checklist and a four-phase flow 
diagram. The checklist includes items 
deemed essential for the transparent 
reporting of a systematic review. The 
QUADAS-2 has been developed and 
further modified specifically for syste-
matic reviews of diagnostic accuracy 
studies. The QUADAS-2 tool consists 
of four domains: patient selection, in-
dex test, reference standard and flow 
and timing. Each domain should be 
assessed in terms of risk of bias and 
the first three domains should also 
be assessed in terms of applicabili-
ty. Risk of bias and applicability are 
rated as low, high, or unclear. This 
quality assessment tool is applied in 
four phases: summarise the review 
question, tailor the tool and produce 
review-specific guidance, construct 
a flow diagram for the primary study 
and judge bias and applicability.
PATIENTS AND 
METHODS
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English-language articles published 
between 1 January 2000 and 28 Fe-
bruary 2014 on the diagnostic per-
formance of wrist MRI or provocati-
ve wrist tests of injuries to the wrist 
ligaments (TFCC, SL ligament and 
LT ligament) using wrist arthroscopy 
as the gold standard were eligible for 
inclusion. A systematic electronic se-
arch of Medline (Medical Literature 
Analysis and Retrieval System Online) 
–PubMed, Embase (Excerpta Medica 
Database) and the Cochrane Library 
(a database of systematic reviews and 
meta-analyses, which summarise and 
interpret results of medical research) 
was carried out on April 3-4 2014 by 
an expert in electronic search stra-
tegies (Electronic search strategies 
– see Appendix 2). Only studies with 
detailed data enabling the statistical 
analysis of outcome measurements 
were eligible for inclusion. The exclu-
sion criteria were expert opinions and 
case reports, skeletally immature par-
ticipants, cadaveric or animal studies, 
therapeutic and prognostic studies, 
study protocols and re-injury and re-
vision surgery, as well as studies of in-
strumentation and surgical technique.
The primary outcome measurement 
in this updated systematic review was 
the negative predictive value (NPV) of 
wrist MRI and provocative wrist tests, 
which was defined as the probability 
of an intact wrist ligament given a ne-
gative investigation. Secondary out-
come measurements were the sensiti-
vity, specificity and positive predictive 
value (PPV). Values of at least 95% were 
considered satisfactory from a clinical 
perspective (1/20 false negative).
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Specific question 
PICOS
Primary outcome measure 
-NPV
Data extraction
Table (Year, Author, Number,  
Ligaments, Type of study)
Analysis of study quality
Bias analysis
Summary 
- Most imporant findings
Quantitative synthesis of data 
- Meta-analysis/heterogenous ? 
- Systematic review
Inclusion - Exclusion
The process of the systematic review
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Records identified through database 
search  (n= 1.232)
Papers excluded due to:
- Irrelevant aim  (n=890) 
- Non-english language ( n=1) 
- No gold standard  (n=1) 
- Cadaver study  (n=1)
- Insufficient data  (n=8) 
- Paediatric population  (n=1)
Records after duplicates removed 
(n= 916)
Papers excluded because of publication 
before 2000  (n=7)
Papers included in systematic review 
(n=7)
Papers with relevant study design and 
following inclusion criteria assessed 
for eligibility (n=14)
Duplicates removed 
(n= 316)
Flow diagram of inclusion and exclusion in Study I
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Bias and level and quality of eviden-
ce (Study I)
The type of bias refers to systema-
tic errors that arise from systematic 
differences in the groups compared 
(selection bias), difference in the care 
that is provided (performance bias), 
exclusion or withdrawals in the study 
(attrition bias), how outcomes are ex-
amined and assessed (detection bias) 
and how findings are reported or not 
reported (reporting bias).
Bias limits the accuracy or the de-
gree to which a result is likely to be 
true (validity), but it does not limit the 
precision or consistency of the results 
produced (reliability). The precision 
is represented by the CI (confidence 
interval), which is the range of values 
within which it is possible to be sure 
of finding the true value in the whole 
population. A wide CI thus reflects im-
precision but not inaccuracy.
Statistical analysis
Statistic correlation 
The statistical correlation tests for bi-
nary dependent variables are calcula-
ted as follows: sensitivity (TP/TP+FN), 
specificity (TN/FP+TN), positive pre-
dictive value-PPV (TP/TP+FP) and 
negative predictive value-NPV (TN/
FN+TN).
Many of the studies covered in terms 
of the MRI diagnostics of wrist liga-
ment injuries refer to the term “ac-
curacy”. Accuracy refers to the close-
ness of a measured value to a standard 
or known value. In the author’s opini-
on, NPV is a more clinically appropria-
te measurement, as, in the clinical set-
ting, the aim is to exclude those with 
a negative MRI for further diagnostic 
procedures, including arthroscopy.
Methods in Study II
In this study, the medical records and 
radiographs of patients younger than 
25 years of age who were referred for 
a second opinion to our department 
during a five-year period (2006-2011) 
due to ulnar-sided wrist pain and per-
sistent distal radio-ulnar (DRU) joint 
instability were retrospectively evalu-
ated. All of them had had a significant 
wrist trauma before the age of 18. The 
injuries were classified clinically and 
Table 13. Contingency table of possible diagnostic outcomes
GOLD STANDARD 
Positive Negative
DIAGNOSTIC 
METHOD 
Positive True positive (TP) False positive (FP)
Negative False negative (FN) True negative (TN)
Positive = investigation shows ligament injury; negative = investigation shows no ligament injury
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radiologically. All the injuries caused 
persistent ulnar-sided pain and insta-
bility.
This study also aimed to prove that 
isolated TFCC injuries do exist in 
children and adolescents and that 
DRUJ instability is fairly common 
in different typical fracture patterns, 
such as dislocated SH II fractures, 
Galeazzi type I fractures (fracture in 
the distal third of radius) [125] and af-
ter growth arrest in SH III-IV injuries. 
Problems with DRUJ instability and 
TFCC injuries are often un- or mis-
diagnosed or neglected for years in 
younger persons.
The time to diagnosis of DRUJ instabi-
lity and TFCC injury, the frequency of 
primary operations for these injuries 
and the number of secondary proce-
dures needed were also evaluated.
The median age at trauma was 14 
(range 6.7-17.8) years. Forty-one of 
the 85 (48%) patients had sustained a 
high-energy trauma. The non-domi-
nant side (54 cases, 64%) was more 
commonly injured. There were 47 
girls (55%).
Methods in Study III
This study was performed in Barcelo-
na, Spain. All surgical reports that con-
tained good quality images or videos 
of an acute or chronic dorsal SL-liga-
ment injury were retrospectively ana-
lysed. Four cases were excluded due 
to poor photo quality. The final series 
consisted of 45 patients with SL-liga-
ment ruptures (30 men, 15 women; 
average age 38 years (range 18-70), 
all of them treated surgically between 
2003 and 2011. 
The dominant hand was involved in 
32 patients. Ten patients had surge-
ry within the first three months after 
trauma, while 35 had a chronic SL-li-
gament injury, 11 (30%) with signs of 
radioscaphoid cartilage degeneration. 
High-energy trauma was reported in 
18 patients (40%). The dominant wrist 
was injured in 32 patients (71%), and 
30 patients (67%) were men. The SL-li-
gament injury was managed arthro-
scopically in 18 patients, while the 
remaining 27 patients had had open 
surgery. All available audiovisual ma-
terial from these cases was indepen-
dently assessed and scrutinised by 
the two investigators, with the aim of 
identifying the type of ligament in-
jury in each case. Full agreement was 
reached in all cases. 
The aim was to establish a new clas-
sification of scapholunate ligament 
rupture that could be useful in the 
evaluation of the prognosis and to 
establish the treatment of choice.
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Figure 50. The diagnostic procedure of classification of the type of SL injury in (A) arthroscopic (Type 2a) 
and (B) open surgery (Type 1b).
A
B
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Methods in Study IV
The peak torque of twenty-one conse-
cutive patients scheduled for wrist 
arthroscopy due to clinical signs of 
TFCC rupture (dorso-ulnar wrist pain 
and positive foveal sign) and DRUJ-in-
stability was tested pre-operatively 
using a commercially available wrist 
dynamometer (Baseline®, White Plains, 
NY, USA). 
The measurement technique of peak 
torque in supination and pronation was 
developed and adapted for clinical use 
by Peter Axelsson (submitted data to 
J Hand Surg Am, December 2015, and 
provisionally accepted 2016). The vali-
dity testing and calibration of the tor-
que measurement device was perfor-
med at the SP (Statens Provningsanstalt) 
Technical Research Institute of Sweden 
on the initiative of Peter Axelsson. 
The patients were tested according to a 
standardised protocol; standing straight 
with the elbow against the waist and in 
90 degrees of flexion. Peak supination 
followed by peak pronation were mea-
sured starting from a neutral position, 
with the examiner carefully ensuring 
that the patient did not lift his/her elbow 
in abduction or lean the body in any di-
rection. The non-injured side was mea-
sured first, followed by the injured side. 
This method of testing torque capacity 
was assessed by two independent raters 
(Peter Axelsson and Jonny Andersson) 
in 15 normal individuals for intra-and 
inter-rater reliability, before adapting it 
to the patients with suspected TFCC in-
juries in Study IV.
The patients were operated on, starting 
with wrist arthroscopy. Intra-operative 
photos of TFCC injuries were analysed 
and scrutinised by an independent re-
viewer (Joakim Strömberg), in terms of 
TFCC injury or not and its classification, 
according to Palmer.
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Figure 51. Measurement of peak torque strength of the right wrist in pronation, standing with the elbow 
fixed to the body and in 90⁰ flexion. Measurement technique developed by Peter Axelsson. Photo: Tommy Holl.
Statistical analysis (Study IV)
Descriptive data are reported as the 
mean and standard deviation (SD). 
The intra- and inter-rater reliability of 
the measurements was determined 
using the intra-class correlation co-
efficient (ICC). The ICC is the ratio of 
the between-subject variability and the 
between-subject variability plus the 
within-subject variability. To categori-
se the level of agreement between ICC 
values, the classification system propo-
sed by Shrout and Fleiss was used [205]. 
ICC values of less than 0.40 represent 
poor reliability, values between 0.40 
and 0.75 represent fair to good relia-
bility and values above 0.75 represent 
excellent reliability. Bland-Altman plots 
were used to visualize the reliability ac-
cording to Bland and Altman [12, 41]. The 
agreements between two raters for ca-
tegorising the TFCC were analysed as a 
percentage of the absolute agreement. 
For comparisons between injured and 
non-injured forearm torque, an inde-
pendent two-sided t-test was perfor-
med. The alpha level was set a priori at 
p < 0.05.
The findings in the arthroscopic pro-
cedures included in Study II, III and 
IV, were registered in a specific wrist 
arthroscopy prococol (Appendix 3). A 
systematic wrist arthroscopy examina-
tion recorded in a specific protocol is 
mandatory, particularly at the begin-
ning of a career as a wrist arthroscopist.
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Methods in Study V
The learning curve for radiologists to 
become dedicated wrist MRI exami-
ners is long and  approximately 100 
surveys are considered necessary to as-
sess. Blazar et al. [43] demonstrated that 
more experienced observers displayed 
more sensitive, specific and accurate 
radiological MRI interpretations than 
less experienced observers. No consis-
tent trend towards increasing accuracy 
during an evaluation of 50 MRI scans 
could be demonstrated in that study. A 
learning curve nonetheless exists, but 
the slope appears to be gradual.
The total number of wrist MRIs in the 
catchment area of Region Västra Göta-
land (population 1,723,000) during one 
year, between July 2014 and June 2015, 
was analysed, together with the refer-
rals and related questions, such as the 
estimated frequency and time for extra 
sick leave during the waiting time. The 
frequency of surveys at the six radiolo-
gy departments in the catchment area 
was analysed and individually scrutini-
sed, in terms of MRI investigations in-
tended for wrist ligament injuries. 
The average cost of a regular wrist MRI 
(axial T2 and T1, coronar STIR + PD FS + 
T1) was 567 euros and the time allotted 
to each investigation was 45 minutes. 
The cost of an out-patient clinical ap-
pointment and examination at the De-
partment of Hand Surgery, Sahlgrenska 
University Hospital, was 188 euros.
The majority of patients with persistent 
and residual symptoms after a disloca-
ted distal radius fracture or wrist sprain 
are referred to a general practitioner 
(GP) or an orthopaedic surgeon without 
special knowledge of wrist injuries. The 
main additional investigation then used 
is an MRI, rendering approximately four 
weeks of waiting time. During one year, 
411 patients in the catchment area were 
referred for MRIs with the question of a 
wrist ligament injury.
More than half of the population (57.5%) 
in Sweden is blue-collar workers, 
health-care or social-care workers or 
similar heavy-duty workers. Sick leave 
is probably needed after a significant 
wrist trauma for almost all of those pa-
tients with a heavy manual job. Sick le-
ave included waiting time for MRI (26 
days on average), time before statement 
(approximately seven days as an esti-
mation) and during the waiting time for 
a clinical examination (28 days on aver-
age, if priority cases). However, for the 
calculation of the cost of sick leave, we 
estimated the proportion to be 50%.
The extra time for sick leave because of 
a suspected wrist ligament injury with 
MRI referral, consisted of the waiting 
time for MRI (four weeks) and its result 
and statement (estimated as one week) 
and was calculated to approximately 
five weeks. The average annual income 
in Sweden in 2014 was approximately 
31,660 euros (300,000 SEK) according 
to Statistiska centralbyrån (SCB) (Statis-
tics Sweden). According to the Swedish 
national health insurance fund office 
(Försäkringskassan), the cost of sick lea-
ve for five weeks for one person with an 
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average annual income of 31,660 euros 
was 3,900 euros. The total cost of sick 
leave during five weeks of prolonged 
leave from work for blue-collar workers, 
health-care or social-care workers or si-
milar heavy-duty workers was 801,500 
euros (7.6 M SEK). 
The waiting time for a clinical exami-
nation at the Department of Hand Sur-
gery, Sahlgrenska University Hospital, is 
currently four weeks for priority cases 
and three to six months for non-priori-
ty cases. The cost of a diagnostic wrist 
arthroscopy, necessary for a wrist li-
gament injury diagnosis, is currently 
3,588 euros (34,000 SEK). However, this 
process is necessary for all patients, in-
dependently of whether or not they had 
undergone prior MRIs.
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SUMMARY OF  
PAPERS
Study I
A total of 1,232 articles were identified 
by the electronic search. After duplica-
te removal, subsequent study selection 
and exclusion because of publication 
dates before 1 January 2000, a total of 
seven studies [43, 68, 119, 145, 146, 158, 
178] with a total of 377 patients (327 pa-
tients with MRI and 105 patients with 
tests) were included for final assess-
ment in this systematic review. Five 
studies were retrospective and two 
were prospective. Four studies were 
blinded. Six of the studies investiga-
ted the TFCC, of which one study also 
examined the accuracy of locating the 
injury. Three studies investigated the 
SLL, two examined the LTL and one 
evaluated the performance of diag-
nosing partial SL and LT ligament in-
juries. One study also compared the 
sensitivity, specificity and accuracy 
of standard-resolution 1.5-T MRI with 
high resolution MRI and one study in-
vestigated 3-T MRI compared with MRI 
arthrography.
Clinical tests Arthroscopic Arthroscopic Patient-reported outcome
Awareness Radiology Non-surgical Functionaloutcome
DIAGNOSTICS CLASSIFICATION TREATMENT FOLLOW UP
Radiology Open surgery Open surgery Radiology
STUDY I STUDY II STUDY III STUDY IV
Figure 52. The process of wrist ligament injury diagnostics and the contribution of Studies I-IV.
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Table 14. Study characteristics (Study I)
AU-
THOR
YEAR STUDY  
DE-
SIGN 
IN-
VESTI-
GATED 
LIGA-
MENTS
DIAGNOSTIC 
METHOD *
SAMPLE 
SIZE
SAMPLE 
MEAN 
AGE
BLINDING
Blazar 
et al.
2001 Retro-
spective
TFCC MRI 51 34 Yes
De Smet 2005 Retro-
spective
TFCC MRI 35 33 ?
Kato 
et al.
2000 Retro-
spective
TFCC MRI 33 35 Yes
Magee 2009 Retro-
spective
TFCC
SL
LT
MRI 49 32 Yes
Manton 
et al.
2001 Retro-
spective
SL part
LT part
MRI 50 40 Yes
Morley 
et al.
2001 Pro-
spective 
TFCC
SL
MRI 54 31 ?
Prosser 
et al.
2011 Pro-
spective 
TFCC
SL
LT
TFCC
SL
LT
MRI
Tests
MRI 
cohort: 
55
105
37 No
Yes
* Wrist arthroscopy was used as the diagnostic gold standard in all studies. The blinding of assessors 
was categorised as “yes”, “no” or “unclear”, presented as an “?”. Unclear was used when insufficient data 
were reported to permit a judgement. 
TFCC = triangular fibrocartilage complex. SL ≈ scapholunate ligament. LT = lunotriquetral ligament. 
Part = partial injuries. MRI = magnetic resonance imaging
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Only one study, by Magee [145], 
reached the predetermined cut-off 
value of 95% for the primary outcome 
measurement, the NPV, but only for 
MRI of the LT ligament. The study by 
Magee [145] also reached a borderline 
cut-off NPV of 94% for MRI of the SL 
ligament. The study by Prosser et al. 
[178] reached a borderline cut-off NPVs 
of 94% both for MRI and for clinical 
tests of the LT.
Table 15. Results of individual studies (Study I)
STUDY DIAG-
NOSTIC 
METHOD
LIGA-
MENT
SENSITI-
VITY
SPECIFI-
CITY
POSITIVE 
PREDICTIVE 
VALUE
NEGATIVE 
PREDICTIVE 
VALUE
Blazar
et al.
MRI TFCC 83% 54% 74% 66%
De Smet MRI TFCC 61% 88% 85% 68%
Kato 
et al.
MRI TFCC 93% HR-MRI
72%
56% HR-
MRI
64% 
71% HR-MRI
71%
86% HR-MRI
66%
Magee MRI TFCC
SL
LT                
86%
89%
82%
100%
100%
100%
100%
100%
100%
90%
94%
95%
Manton 
et al.
MRI SL-part
LT-part
57%
31%
55%
76%
37%
33%
73%
74%
Morley 
et al.
MRI TFCC
SL
44%
11%
87%
93%
89%
25%
37%
84%
Prosser MRI
Tests
TFCC
SL
LT
TFCC
SL
LT
79%
52%
0%
58%
61%
17%
86%
88%
96%
69%
79%
84%
90%
75%
0%
71%
68%
6%
72%
72%
94%
55%
74%
94%
Sensitivity, specificity, positive predictive value and negative predictive value of the different studies 
and ligaments.
TFCC= triangular fibrocartilage complex. SL= scapholunate ligament. LT= lunotriquetral ligament. 
HR-MRI= high-resolution magnetic resonance imaging. Part= partial injury.
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It is worth noting that all the referred 
studies were performed under close to 
optimal circumstances, i.e. the use of 
wrist coils, highly trained and specia-
lised musculoskeletal radiologists and 
minimum accuracy of standard-reso-
lution 1.5-T MRI. The clinical evalu-
ation, MRI technology and surgical 
approach in all the seven included 
papers are easy to adapt to the clini-
cal hand surgery setting. One other 
important strength was the extensive 
literature search in three of the largest 
medical databases and the application 
of strict inclusion and exclusion crite-
ria. Moreover, the PRISMA statement 
guided the extraction and reporting of 
data. The table below shows an over-
view of clinical important limitations 
in the seven included studies.
Table 16. Summary of the limitations of the studies included in the systematic review (Study I).
LIMITATION NO OF TRIALS 
(TOTAL:7)
%
Patient selection bias 2 29
Reference standard 3 43
No blinding 1 14
No blinding stated 2 29
Sample size < 30 0 0
Sample size < 50 3 43
Retrospective study design 5 71
Studies not including clinical tests 6 86
Unknown gender ratio 2 29
Heterogenity of MRI technique and/or multiple radiologists 2 29
Unknown time interval between MRI and arthroscopy 3 43
Multiple arthroscopic surgeons 2 29
Unknown number of surgeons and/or surgical experience 2 29
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For comparison, there were many li-
mitations in the study by Hobby et 
al. [111]. Only two databases were in-
cluded in their study (Medline and 
Embase) and no clear gold standard 
was present. Moreover, none of their 
12 included studies was blinded, four 
studies had an MRI field of < 1.5-T and 
three included studies were restro-
spective. Only two included studies of 
12 had a sample size of > 50. Seven had 
a sample size of < 30, of which four 
even had a sample size of < 20. It has 
been suggested that a sample size of at 
least 35 is required for the reliable esti-
mation of diagnostic performance.
In general, patients with normal MRI 
imaging findings rarely have surgical 
confirmation and the included studies 
most often thus report on small samp-
les with a reporting bias towards pa-
tients with lesions.
The assessment in this study, using 
the QUADAS-2 tool, showed that the 
risk of bias and applicability of patient 
selection were high or unclear in all 
the included studies in Study I.
Table 17. QUADAS-2 results (Study I)
STUDY RISK OF BIAS * RISK OF APPLICABILITY  
CONCERNS *
Patient 
selection
Index 
test
Reference 
standard
Flow 
and 
timing
Patient 
selection
Index 
test
Reference 
standard
Blazar 
et al.
? Low 
risk
? High risk ? ? ?
De
Smet  
? High 
risk
High risk ? High risk High 
risk
High risk
Kato  
et al.
? Low 
risk
Low risk ? ? Low 
risk
Low risk
Magee ? Low 
risk
High risk High risk ? Low 
risk
High risk
Manton 
et al.
High risk Low 
risk
? High risk High risk Low 
risk
?
Morley 
et al.
? Low 
risk
High risk ? ? Low 
risk
High risk
Prosser 
et al.
? High 
risk
Low risk Low risk ? ? Low risk
* Risk of bias and applicability are rated as “low”, “high” or “unclear”. The “unclear” category, presented 
as an “?”, was used when insufficient data were reported to permit a judgement.
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Taken together, a negative result from 
MRI cannot rule out the possibility of a 
clinically relevant injury to the TFCC, 
SL ligament, or LT ligament of the 
wrist. Clinical provocation wrist tests 
are of limited diagnostic value. 
The current gold standard, wrist 
arthroscopy, remains the preferred 
diagnostic technique, with sufficient 
conclusive properties when it comes 
to wrist ligament injuries [15].
Study II
Sixty-seven (79%) of the 85 children 
and adolescents with ulnar-sided 
wrist pain and DRUJ instability symp-
toms after wrist trauma had sustained 
a fracture at the time of trauma. The 
two most common skeletal injuries 
related to the DRUJ instability were 
Salter-Harris type II fractures (24%) 
and distal radius fractures (19%). In 19 
patients (22%), the secondary DRUJ 
instability was caused by malunion 
or growth arrest. Eighteen of the 85 
patients (21%) presented with isolated 
DRUJ instability without any associ-
ated fracture or physeal injury at the 
time of the index trauma. Fourteen of 
these 18 patients were diagnosed with 
a TFCC injury by MRI, arthroscopy or 
open surgery. 
The main limitation of this study was 
its retrospective design and lack of 
conformity in assessing every patient 
in a reproducible manner. This was a 
selective cohort of patients, making 
it somewhat difficult to suggest data 
for the incidence and prevalence of 
these long-term problems with DRUJ 
instability. This is due to the fact that 
our cohort partly represents the local 
catchment area and partly represents 
tertiary referrals from our regional ca-
tchment area. Another study limita-
tion is the lack of an independent ra-
diologist to assess the radiographs and 
MRIs. It is also possible that there was 
an incomplete clinical diagnosis in 
the four cases with isolated TFCC in-
juries, which were not independently 
confirmed by arthroscopy, operation, 
or MRI.
The characteristics of the patients 
in Study II are presented in the table 
below.
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Table 18. Injury pattern in the patient cohort in Study II.
TYPE OF  
INJURY
PATIENTS 
(n) IN 
TOTAL
AMONG  
THOSE;
 SIGNIFICANT
DISPLACE-
MENT
ULNAR STY-
LOID BASE 
FRACTURE
ULNAR 
STYLOID 
DISTAL TIP 
FRACTURE
SECONDARY 
SIGNIFICANT 
MALUNION 
OR GROWTH 
ARREST
SH II 20 9 3 9 6
SH III-IV 4 1 1 - 2
Distal radius 
fracture
16 3 8 4 6
Infraction/
buckle 
fracture
10 - - 5 -
Greenstick 
fracture
2 - - - -
Distal forearm 
fracture
6 4 - 2 2
Diaphyseal 
forearm 
fracture
2 - - - 2
Galeazzi 
fracture
3 - - - 1
Minor carpal 
avulsion injury
2 - - 1 -
Later found 
ulnar styloid 
fracture
2 - 2 - -
No fracture or 
physeal injury
- Isolated 
TFCC-injury/
DRUJ-insta-
bility 
18 - - - -
Total 85 17 (20%) 14 (17%) 21 (25%) 19 (22%)
Injury pattern and aggravating factors in the 85 identified patients in Study II with significant trauma 
and persisting DRUJ problems. Discloses the complexity of the injuries but also the significant amount 
of isolated DRUJ instability without any associated fracture or physeal injury.
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The median age at trauma was 14 years 
and the median time between trauma 
and the diagnosis of DRUJ instability 
was three years. Primary surgical tre-
atment was rare in all types of injury. 
In all, 65 of 85 patients underwent 105 
corrective secondary reconstructive 
procedures due to DRUJ laxity (aver-
age 1.3, SD 1.0, range 0-5 operations/
patient).
Taken together, this study emphasises 
the increased diligence required when 
dealing with wrist trauma in child-
ren and adolescents, as a substantial 
amount of delayed presentation of 
DRUJ instability after wrist fractures 
or sprains in children and adolescents 
was found [18]. The most striking fi n-
dings in this study were that several 
children and adolescents presented 
with DRUJ laxity with isolated TFCC 
tears, the long delay from injury to di-
agnosis and the severity of the injury 
in terms of treating the DRUJ-instabi-
lity symptoms.
SH II
SH III-IV
Distal Radial Fracture
Infraction
Diaphyseal Fracture
Galeazzi Fracture
Carpal Bone Avulsion
TFCC Lesion
NUMBER OF SECONDARY PROCEDURES
0 10 20 30
Arthroscopy
TFCC Repair
Radius Osteotomy
Ulna Osteotomy
Figure 53. Secondary reconstructive procedures due to DRUJ instability 
(Study II).
133CLINICAL AND ARTHROSCOPIC ASSESSMENT OF WRIST LIGAMENT INJURIES AND INSTABILITY
Study III
Four distinct SL-injury types could 
be identifi ed.
•      Type 1: The dorsal SLL is torn off  
the scaphoid and its lunate inser-
tion remains intact. This category 
was subclassifi ed as type 1a, if the 
avulsed ligament did not include 
an osteochondral fragment from 
the scaphoid, and type 1b, if there 
was an avulsion fracture.
•     Type 2: The dorsal SLL had avulsed 
from the lunate. Pure ligament av-
ulsions were subclassifi ed as type 
2a, while avulsion fractures were 
subclassifi ed as type 2b.
•     Type 3: Mid-substance rupture of 
the dorsal SLL with clear substanti-
al ligament remnants at both sides 
of the joint.
•     Type 4: The dorsal SLL ligament 
was only partially torn, but the 
most distal, non-ruptured fi bres 
were elongated, allowing abnormal 
separation of the SL joint. The li-
gament between the scaphoid and 
triquetrum (part of DIC) was still 
intact.
Type 1 Type 2
Type 3 Type 4
S
L
S
L
S
L
S
L
Figure 54. Classifi cation of the dorsal SL-ligament injury, according to Andersson-Garcia-Elias in Study III. 
Type 1: lateral avulsion; type 2: medial avulsion; type 3: mid- substance rupture; type 4: partial rupture 
plus elongation.
134
SL CLASSIFICATION ACCORDING TO ANDERSSON – GARCIA-ELIAS
Four distinct SL-injury types could be identified.
Dorsal SL is torn off the scaphoid and its lunate insertion remains intact
Dorsal SL is torn off the lunate and its scaphoid insertion remains intact
1a. Pure ligament avulsion
2a. Pure ligament avulsion
1b. Avulsion fracture
2b. Avulsion fracture
Mid-substance rupture of the dorsal SL with clear substantial ligament remnants at both 
sides of the joint
Dorsal SL ligament was only partially torn, but the most distal, non-ruptured fibres were 
elongated, allowing abnormal separation of the SL joint. The ligament between the scap-
hoid and triquetrum was still intact
TYPE 1
TYPE 2
TYPE 3
TYPE 4
Table 19. Types of SL ligament injury.
TYPE OF SL LIGAMENT INJURY PATIENTS, n PATIENTS, %                   
Type 1 
(lateral avulsion off the scaphoid)
19 42
-Type 1a 
(pure avulsion)
14 
-Type 1b 
(avulsion fracture)
5 
Type 2 
(medial avulsion off the lunate)
7 16
-Type 2a 
(pure avulsion)
6 
-Type 2b 
(avulsion fracture)
1 
Type 3 
(mid-substance rupture)
9  20
Type 4 
(partial rupture + elongation)
10 22
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The take-home message relating to 
this new proposed classification is 
that it can be used in both open and 
arthroscopic surgery and in acute, su-
bacute and chronic injuries.
The retrospective design of this in-
vestigation did not enable the esta-
blishment of correlations between 
factors explaining the diversity of li-
gament failure modes and the type of 
ligament injury. Another limitation of 
this study was the inclusion criteria: 
four of the patients treated in the same 
period had to be excluded from the 
study because of a lack of good quality 
images that would permit the charac-
terisation of the SL-ligament rupture.
An arthroscopically assisted SL caps-
uloplasty and suture may not be pos-
sible in all patients, particularly not 
when the ligament has avulsed off the 
bone (in approximately 60% of the pa-
tients; Andersson-Garcia-Elias Type 1 
and 2), leaving no ligament remnant 
on one side. Most patients will requi-
re ligament re-attachment techniques 
using transosseous sutures, bone an-
chors, or ligament reconstruction [17].
Study IV
Arthroscopy revealed that 18 of 20 pa-
tients with DRUJ instability and a cli-
nically assumed TFCC injury proved 
to have a type 1B TFCC injury. Agre-
ement with the second reviewer’s as-
sessment was excellent in terms of a 
TFCC injury and its classification ac-
cording to Palmer [173]. The absolute 
agreement between the surgeon and 
the second reviewer was 95%. 
In seven patients, other injuries or pat-
hological changes were found; partial 
SL injury (n=4), partial LT injury (n=1), 
chondral lesions (n=3) or synovitis 
(n=4). In eight patients with a type 1B 
TFCC injury, the TFCC also had small 
central ruptures with or without dege-
nerative signs (Palmer’s classification; 
2A-2C or 1A).
GEN-
DER
 
AGE
SIDE INJURY TORQUE 
(NM) 
PRONA-
TION 
INJU-
RED 
SIDE
TORQUE 
(NM) 
PRONA-
TION 
NON-IN-
JURED 
SIDE
TORQUE 
(NM) 
SUPI-
NATION 
INJURED 
SIDE
TORQUE 
(NM) 
SUPI-
NATION 
NON-IN-
JURED 
SIDE
OPERA-
TION
M 
30.0
Sin TFCC 1A 
+ synovi-
tis
6.61 8.52 8.41 10.26 A-scopy + 
shaving
F 
38.7
Dx TFCC 1B 1.87 4.87 2.22 7.03 A-scopic 
re-inser-
tion
F 
47.0
Dx TFCC 
2B-C + 
minor 
chondral 
lesion 
lunate
2.64 2.86 1.80 2.80 A-scopy 
+ central 
excision 
Table 20. Patient characteristics (Study IV)
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F 
15.8
Sin TFCC 1B 2.70 3.74 5.22 6.24 A-scopic 
re-inser-
tion
M 
20.2
Sin TFCC 1B 
+ 1A
3.86 5.60 6.15 8.15 Open 
re-inser-
tion
F 
47.3
Sin TFCC 1B 
+ 2B + 
part SL + 
synovitis 
+ minor 
chondral 
lesion 
lunate
2.70 3.46 2.58 5.34 A-scopic 
re-inser-
tion + 
central 
excision
F 
33.5
Sin TFCC 1B 
+ partial 
SL
2.86 3.46 5.05 7.30 Open 
re-inser-
tion
M 
25.5
Sin TFCC 1B 
+ 1A
4.87 7.64 6.54 7.04 Open 
re-inser-
tion
F 
26.8
Sin TFCC 1B 
+ 1A
4.66 5.44 5.82 7.25 A-scopic 
re-inser-
tion
M 
48.3
Sin TFCC 1B 
+ 1A + 
synovitis
3.70 4.56 6.32 8.04 A-scopic 
re-inser-
tion
M 
38.0
Dx TFCC 1B 
+ 2B-C + 
part SL
6.10 8.62 8.25 12.20 A-scopy 
+ central 
excision
M 
17.7
Sin TFCC 1B 
+ part SL 
+ part LT 
+ HALT + 
synovitis
2.54 4.18 4.45 5.61 A-scopy + 
shaving
F 
29.8
Sin TFCC 1B 2.65 3.68 2.80 4.92 A-scopic 
re-inser-
tion
M 
17.8
Sin TFCC 1B 4.18 4.62 5.00 7.57 A-scopic 
re-inser-
tion
F 
17.6
Sin TFCC 1B 2.86 5.60 4.62 6.14 A-scopy 
+ radius 
corrective 
osteo-
tomy
F 
23.2
Dx TFCC 1B 
+ 1A
1.76 2.54 2.01 3.13 A-scopy 
+ Adams 
ligament 
re-
construc-
tion
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M = male, F = female. Sin = left, Dx = right. TFCC = triangular fibrocartilage complex. Part SL/LT = partial 
SL/LT injury.
HALT = chondral lesion hamate. A-scopy = wrist arthroscopy.
F 
31.4
Sin TFCC 1B 2.22 4.29 3.90 5.71 Open 
re-inser-
tion
M 
20.3
Sin TFCC 1B 4.81 5.38 7.75 8.52 Open 
re-inser-
tion
F 
51.3
Sin TFCC 1B 
+ 2C
3.70 5.05 4.29 6.19 A-scopy 
+ central 
excision
F 
32.2
Dx TFCC 1B 2.09 4.18 2.17 4.51 Open 
re-inser-
tion
Female 
60%
Mean 
age: 
30.6 
years 
(SD 11.3)
Median 
age: 
29.9 
(range 
15.8-
51.3)
Sin 75% Signs of 
TFCC 1B: 
90%
Part SL: 4
Part LT: 1
Chondral 
lesions: 3
Synovi-
tis: 4
70.7% of 
uninjured 
side
71.2% of 
uninjured 
side
7 a-scopic 
re-inser-
tions     
6 open 
re-inser-
tions
1 radius 
corrective 
osteo-
tomy
1 Adams
3 a-scopy 
+ central 
excision
2 a-scopy 
+ shaving
The intra-rater reliability was excel-
lent for both investigators measuring 
forearm rotation torque, before the 
study, in 15 other healthy individu-
als, ICC=0.96, 95% CI: 0.93 to 0.97 and 
ICC=0.95, 95% CI: 0.93 to 0.97. The 
inter-rater agreement was also excel-
lent for torsion in the same subjects. 
The ICC was 0.95 with a 95% confi-
dence interval from 0.93 to 0.96. The 
ICC was 0.90 in pronation and 0.95 
in supination (excellent reliability). 
Accordingly, the torque measuring 
technique appeared to have high 
accuracy.
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Figures 55. The difference between each pair of ratings for the two raters (A). The average difference 
was 0.22 Nm. Bland-Altman diagram (B) showing differences between the two raters plotted against the 
average of the raters. It also shows the outliers outside the limits of agreement. 
A
B
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Figure 56. Statistical analysis using a t-test showing significant differences between the non-
injured and injured side, with a decrease in peak torque strength of approximately 30%, i.e. 1.44 Nm in 
pronation (p=0.005) and 1.93 Nm in supination (p=0.007). Error bars representing 95% confidence inter-
val for each group.
There were limitations to this study. 
Other factors must be considered in 
relation to the reduced torque values: 
impaired DRUJ rotation movement; 
disuse-induced atrophy of forearm 
rotator muscles; fear of pain or real 
pain with maximum efforts; discom-
fort and clicking phenomena during 
forearm rotation  and other conco-
mitant intra-articular injuries. The 
influence of other associated injuries 
(ligament, chondral injuries; isolated 
or degenerative and synovitis) was not 
addressed in this study. 
The surgeon was not blinded to the 
value of the pre-operative peak torque 
strength. The laxity of the DRU joint 
was tested manually only by the sur-
geon pre-operatively.
The patient’s pre-operative peak tor-
que strength was 70.7% on average in 
pronation compared with the non-in-
jured contralateral side and 71.2% in 
supination. Exact values of the me-
asurements including p-values are 
showed in the diagram below.
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Taken together, distal radio-ulnar joint 
instability with an arthroscopically 
confirmed TFCC injury was associa-
ted with a significant loss of pre-ope-
rative peak torque strength (-30%) in 
pronation and supination [19]. 
Study V
The cost of MRI was three times hig-
her (378 euros) than a referral and 
clinical evaluation by an experien-
ced hand surgeon. The total cost of 
wrist MRIs in the catchment area was 
429,000 euros during the study pe-
riod (one year). On average, 54.3% of 
the examinations were dedicated to 
wrist ligament injuries and the cost of 
these assessments was 233,000 euros. 
The total difference in costs between 
an MRI and a systematic clinical wrist 
examination by an experienced hand 
surgeon in patients with suspected 
wrist ligament injuries was 155,500 
euros. 
More than three quarters of the MRI 
examinations were referred from 
non-wrist-specialised orthopaedic 
surgeons. The mean waiting time for 
an MRI investigation was 26 days. The 
mean waiting time for MRIs included 
the acute-subacute examinations for 
suspected scaphoid fractures. The 
annual total time consumed at the 
radiology departments by wrist MRIs 
(45 min each) with the question of a 
wrist ligament injury was 38.5 wor-
king days.
The mean age of the patients suffe-
ring from wrist ligament injuries is 
approximately 30 years, according to 
this Thesis [20]. The majority of these 
patients are thus of working age.
The individual contribution to the in-
vestigation by the six radiology depart-
ments in the catchment area during 
one year is shown in Table 21.
The cost of  sick leave for those pa-
tients with suspected wrist ligament 
injuries, regarded as unable to work, 
because of the waiting time for MRI 
and statement was 801,500 euros (7.6 
M SEK). The annual total cost of MRIs 
and sick leave during five weeks be-
cause of wrist ligament injuries, was 
1,034,500 euros (9.8 M SEK).
We recommend that MRI should only 
be used for cases other than wrist liga-
ment injuries, such as suspect intraos-
seous- and extra-articular pathology. 
MRI when there is a question of wrist li-
gament injuries should be abandoned.
Taken together, more than three qu-
arters (77.5%) of the MRI examinations 
were referred by non-wrist-speciali-
sed orthopaedic surgeons. It is known 
that acute/subacute SL ligament inju-
ries need to be operated on within four 
to six weeks after the index trauma. To 
have a chance of repairing a signifi-
cant SL or LT tear, the recommenda-
tion, is to re-examine patients who 
have marked swelling, pain and re-
duced range of motion (ROM) within 
two weeks after the index trauma and, 
if necessary, to perform a diagnostic 
wrist arthroscopy within four weeks.
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Explanation – calculated costs:
- Costs MRI (standard, 45 mins): 5,369 SEK - 566.6 euros 
- Costs clinical examination: 1,784 SEK - 188.3 euros. => difference: 3,585 SEK = 378.3 euros
- Difference MRI - clinical wrist examination by an experienced hand surgeon: 2.71 M SEK/286,400 
euros
- Difference MRI -clinical examination -”- (ligament injuries): 1.47 M SEK/155,500 euros
- Time MRI examination of lig injuries; 411 x 45 min = 18,495 min = 308.25 hours = (12.84 days) = 38.5 
working days
Table 21. The individual contribution to the investigation by the six radiology departments in the 
catchment area of Region Västra Götaland (July 2014-June 2015) are displayed in Table 21 below. 
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The proposed algorithm for the diag-
nosis and treatment of suspected wrist 
ligament injuries presented in Study V 
could save time both for the patient 
and for the radiology department and 
also apparently save costs. The algo-
rithm may also be beneficial to pa-
tients because of reduced cost of sick 
leave and receiving the correct treat-
ment at an early stage. The recom-
mendations to clinicians are to follow 
the “blue pathway” in the algorithm 
but not the “purple and grey-shaded” 
one.
Significant
wrist trauma
Emergency visit
Visit + x-ray
- Orthopaedic
Outpatient
medical visit
- GP or
- Orthopaedic
MRI
570 euros (45 min)
- Average waiting 
time: 26 days
Follow-up
- Visit
- Phone
- Letter
New radiological
and clinical
examination
in 10 days
Hand surgery
department
190 euros
- Visit + decision
if wrist arthroscopy 
or not
Diagnostic
wrist arthroscopy
3.600 euros
+/- Final treatment
If persistent
symptoms
Sick leave approximately 5 weeks
3.900 euros/pat.
COST ANALYSIS; MRI-ligament injuries
Sick leave
~50% of pat.
Sick leave
~50% of pat.
If clear signs of 
ligament injury
If residual
symptoms
Proposed algorithm and cost analysis for the diagnosis and treatment of wrist ligament injuries, accor-
ding to Study V. Our recommendations to clinicians are to follow the “blue pathway” in the algorithm not 
the “purple and grey-shaded” one.
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Two of the studies (Study II and Stu-
dy III) are retrospective and have 
level of evidence IV. Study IV is pro-
spective but still level of evidence IV. 
In fact, there are very few randomised 
controlled trials (RTC) in the literatu-
re on orthopaedics and hand surgery. 
For example, RCTs represent 9% in the 
wide research area of anterior cruciate 
ligament reconstruction [193].
The patient populations in Study I re-
present only the results of an electro-
nic search. To update the review, only 
articles published in English between 
January 2000 and February 2014 were 
included. As a result, only seven stu-
dies could be included. Statistical 
analysis of the data for the purpose 
of a meta-analysis was not possible 
because of heterogeneity among the 
seven included studies. A systematic 
review was therefore performed.
Study II has a retrospective design and 
lack of conformity for assessing eve-
ry patient in a reproducible manner. 
A selective cohort of patients was in-
cluded, making it somewhat difficult 
to suggest data for the incidence and 
prevalence of these long-term pro-
blems with DRUJ instability. Another 
limitation of Study II was the lack of an 
independent radiologist assessing the 
radiographs and MRIs. In addition, it is 
possible that there was an incomplete 
clinical diagnosis in the four cases of 
18 with isolated TFCC injuries, which 
were not independently confirmed by 
arthroscopy, operation, or MRI. 
The retrospective nature of Study III 
did not enable the establishment of 
correlations between factors explai-
ning the diversity of ligament failure 
modes and the type of ligament in-
jury. Another limitation of Study III 
was the inclusion criteria: about one-
tenth of the treated patients had to 
be excluded from the study because 
of a lack of good quality pictures that 
would permit the characterisation of 
the SLL rupture. 
In Study IV, numerous other factors 
should be considered in relation to the 
reduced torque values: impaired DRUJ 
rotation movement; disuse-induced 
atrophy of forearm rotator muscles; 
pain or fear of pain with maximum 
efforts; discomfort [171] and clicking 
phenomena during forearm rotation; 
and other concomitant intra-articular 
injuries. The influence of other asso-
ciated injuries was not addressed in 
Study IV. The surgeon was not blin-
LIMITATIONS
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ded to the value of the pre-operative 
peak torque strength. The laxity of the 
DRU joint was tested manually only by 
the surgeon pre-operatively. Another 
limitation in Study IV was that the 
dominant wrist was affected in seven 
patients and the non-dominant in 13, 
which could possibly affect the signi-
ficance of the measurement values. 
The measurements in Study IV were 
performed by independent nurses or 
physiotherapists in the clinical setting 
after instruction given by the surgeon 
(Jonny Andersson). As the patients 
symptoms were significant, true inde-
pendency was difficult to achieve in 
terms of this matter in this setting.
In Study V, the time of sick leave 
during waiting time between MRI and 
statement of the results of the exa-
mination was estimation (one week). 
The amount of patients (50%) not able 
to work after a significant wrist sprain 
was also a qualified estimation. The 
mean waiting time for MRIs inclu-
ded the acute-subacute examinations 
for suspected scaphoid fractures. 
Study V is a cost analysis and not a 
cost-benefit analysis.
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Wrist ligament injuries are common, 
especially with concomitant distal 
radius fractures. SLL and LTL injuries 
are present not only in severely com-
minuted intra-articular fractures but 
also in minimally displaced extra-ar-
ticular fractures. The pathomechanics 
of combined intercarpal ligamentous 
injuries and fractures of the radius 
have been reported by Mudgal and 
Hastings [161]. Two mechanisms exist. 
One consists of compression loading 
with shear stress across the SLL and 
the mechanism involved in this SL 
injury is associated with die-punch 
fractures. The second mechanism 
consists of a combination of tensile 
stress and compression stress, resul-
ting in a four-part fracture associated 
with SL injury. Although Mudgal and 
Hastings [161] only considered in-
tra-articular fractures, similar mecha-
nisms would explain the occurrence 
of ligamentous injuries in extra-ar-
ticular fractures. Mudgal and Jones 
[162] described 10 fractures at the distal 
end of the radius associated with SL 
diastasis that were detected on plain 
radiographs. They postulated that, as 
the lunate is driven proximally, a shear 
stress is imposed on the SL, resulting 
in either attenuation or rupture. For-
ward et al. [80] reported that grade III 
SL injuries can be associated with po-
sitive ulnar variance at the time of the 
initial presentation of a distal radius 
fracture and can be associated with 
increased SL joint pain after one year. 
These injuries could lead to SL disso-
ciation at the time of follow-up, parti-
cularly in patients with intra-articular 
fractures [168].
More than 40% of dislocated distal 
radius fractures are associated with 
injury to the TFCC [16, 24, 78, 92, 100, 138, 
153, 168, 183]. Ligament injuries do exist 
without a concomitant distal radius 
fracture. One hundred and forty-four 
patients with post-traumatic wrist 
pain but normal standard radiographs 
were examined using arthroscopy by 
Adolfsson in 1994 [7]. Ligamentous 
lesions were observed in 75 patients. 
TFCC lesions, classified according to 
the Palmer classification and inclu-
ding LTL lesions, were observed in 
61 and SL injuries in 14. According 
to Figure 2 and Table 1 in this Thesis 
[20], approximately 40% of the patients 
with distal radius fractures have con-
comitant SLL injury, 20% have LTL 
injury and 60% have TFCC injury. It is 
also common with a combination of 
SLL, LTL and TFCC injury. 
DISCUSSION
HOW COMMON ARE WRIST 
LIGAMENT INJURIES?
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It is surprising that, according to Stu-
dy II [18], TFCC lesions can occur in 
the absence of fractures in children, 
not least as it has previously been as-
sumed that isolated ligament injuries 
are uncommon in relation to fractures 
in the growing bone. The approximate 
incidence of late DRUJ instability af-
ter wrist trauma among children and 
adolescents in the Gothenburg area 
appears to be approximately 2%, as 
85 patients were included in Study II 
during a five-year period. Every year, 
approximately 800 children with wrist 
trauma are evaluated at the Queen 
Silvia Children’s Hospital in Gothen-
burg; 50% of them are fractures and 
50% are wrist sprains. Because Study 
II revealed a variety of causes of late 
DRUJ instability in children and ado-
lescents, it is suggested that patients 
with these injuries should undergo 
extensive repeated examination of 
the wrist, repeated radiographs and 
wrist arthroscopy, as recommended 
in adults. Study II emphasises the in-
creased diligence required when dea-
ling with wrist trauma in children and 
adolescents, as a substantial amount 
of delayed presentation of DRUJ in-
stability after wrist fracture and/or 
sprain in children and adolescents 
was found. The most striking finding 
in Study II was that several children 
and adolescents (n=18, 21%) presen-
ted with DRUJ instability with isolated 
TFCC tears, without fracture, which 
is previously almost unknown in the 
scientific literature [31, 75, 221]. The long 
time from injury to diagnosis (three 
years on average) was also striking, 
necessitating a greater awareness of 
these fractures and ligament injuries 
and attention to the fact that they do 
exist.
The findings in Studies II (64%) and 
IV (65%) that the non-dominant side 
is more commonly injured in terms 
of TFCC injury and, in Study III (71%), 
that the dominant side is more com-
monly injured in terms of SL injury are 
in agreement with earlier reports [31, 
87, 221]. The findings that TFCC injuries 
occur especially among females (55% 
in Study II, 60% in Study IV) and SL 
injury occurs especially among males 
(67% in Study III) are also in agreement 
with earlier reports.
DO ISOLATED LIGAMENT
INJURY EXIST IN CHILDREN?
ARE NEGATIVE RESULTS OF 
PROVOCATION TESTS 
SUFFICIENT TO DISCONTINUE 
FURTHER DIAGNOSTIC 
EVALUATION? 
ARE NEGATIVE RESULTS OF MRI 
SUFFICIENT TO DISCONTINUE 
FURTHER DIAGNOSTIC 
EVALUATION IN TERMS OF 
WRIST LIGAMENT INJURIES?
In this Thesis [20], it has been demon-
strated that a negative MRI result is 
unable to rule out the possibility of a 
clinically relevant injury to the TFCC, SL 
ligament, or LT ligament of the wrist [15]. 
The current gold standard, wrist arthro-
151CLINICAL AND ARTHROSCOPIC ASSESSMENT OF WRIST LIGAMENT INJURIES AND INSTABILITY
scopy, remains the preferred diagnostic 
technique with sufficient conclusive 
properties when it comes to wrist li-
gament injuries. Study I presented an 
updated and important addition to the 
results reported by Hobby et al. in 2001 
[111]. Another important finding in Study 
I was that few studies have been carried 
out since Hobby et al. reviewed the li-
terature in 2001. The studies are mainly 
of level of evidence IV, and no RCT was 
found. This is nothing unusual. For ex-
ample, randomised controlled trials re-
present 9% in the wide research area of 
anterior cruciate ligament reconstruc-
tion [193].
The interpretation of peripheral attach-
ment lesions of the TFCC with MRI is 
much more difficult than that of central 
lesions [99]. It is therefore more difficult 
to establish the diagnosis of an acute 
TFCC injury with DRUJ instability (pe-
ripheral ulnar injury with avulsion from 
fovea) than, for instance, a central tear. 
In spite of this, arthroscopic examina-
tion is the only method that is able dy-
namically to explore the extent of these 
injuries. A thorough systematic exami-
nation [213] by an experienced hand sur-
geon with a presumptive diagnosis and 
treatment plan in mind, including di-
agnostic/therapeutic wrist arthroscopy 
and open surgery, is recommended in 
terms of diagnostic efficacy and perfor-
mance and in economic terms as well. 
However, it is important to be aware that 
blinded studies, where the surgeon is 
not aware of the MRI findings, automa-
tically produce less impressive results, 
because it is easier to detect an injury 
arthroscopically if the results of previo-
usly performed MRIs are known. Five of 
seven studies included in the systema-
tic review (Study I) were blinded.
It is reasonable to assume that the di-
agnostic accuracy of MRI for wrist liga-
ment injuries will improve in the futu-
re. Further technological advances and 
increased experience may well improve 
the accuracy. For example, using 7-T 
MRI with a microscopy surface coil [219] 
or isovolumetric 3D-THRIVE (three-di-
mensional T1 high resolution isovo-
lumetric examination) wrist magnetic 
resonance arthrography [132] increases 
the diagnostic performance. However, 
these distinguished and sophisticated 
techniques are not available and easy 
to use in clinical practice. In a common 
medical environment, the general use 
of MRI in diagnosis of dorsoulnar and 
ulnocarpal wrist pain, can not be re-
commended [98]. The most important 
issue, however, is an experienced, dedi-
cated radiologist, working closely with 
the hand surgeon. 
In 1995, LaStayo and Howell [129] stated 
that wrist provocation tests were effec-
tive in identifying patients who needed 
a more detailed diagnostic work-up 
and possible arthroscopic inspection 
and evaluation. Among those patients 
requiring an arthroscopic diagnostic 
operation, the provocation test accor-
ding to LaStayo and Howell proved to 
be more effective in predicting the ab-
sence of injury rather than its presence. 
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According to Prosser et al. [178], provoca-
tive wrist tests are generally of limited 
value for diagnosing wrist ligament inju-
ries, although they are sometimes useful 
in the diagnosis of SL-ligament injuries. 
However, we know from other studies 
that positive Watson’s test occur in app-
roximately 20% of the normal population 
[88, 89, 253]. If combined with provocation 
tests, MRI slightly sharpens and improves 
the diagnosis of TFCC injuries. However, 
negative results on a provocative wrist test 
are still not enough to avoid arthroscopic 
investigation for the diagnostics of wrist 
ligament injuries, according to Study I.
The incidence of pathological TFCC fin-
dings in MRIs of asymptomatic subjects 
is high, especially over the age of fifty [113].
Currently, a negative MRI is not an end-
point and not a contra-indication for fur-
ther exploration of the wrist symptoms, 
in particular for arthroscopy.
WHAT IS THE COST OF WRIST 
MRIs IN THE CATCHMENT 
AREA?
According to Study V, the cost of MRI is 
three times higher (378 euros) than a re-
ferral and clinical evaluation at the Hand 
Surgery Department at Sahlgrenska Uni-
versity Hospital, Gothenburg, Sweden. 
A negative MRI is unable to rule out the 
possibility of an injury to the TFCC or the 
SL and LT ligaments and the current gold 
standard, arthroscopy, is still the prefer-
red diagnostic tool. The total cost of un-
necessary wrist MRIs last year, between 
July 2014 and June 2015 (12 months), in 
our catchment area was 233,000 euros, 
which is 155,500 euros more than a clini-
cal examination by an experienced hand 
surgeon. We therefore recommend that 
MRI should only be used in specific ca-
ses and for issues other than wrist liga-
ment injuries, such as intraosseous and 
extra-articular pathology. MRI with the 
clinical question of wrist ligament injury 
alone should be abandoned. Isolated di-
agnostic arthroscopies should also be 
abandoned. Patients with suspected wrist 
ligament injuries should be assessed and 
evaluated thoroughly for the mechanism 
of their injury and then referred to an ex-
perienced hand surgeon, capable of per-
forming a diagnostic arthroscopy and at 
the same time adjusting the arthroscopic 
surgery to the findings or converting to 
open surgery, in the operating theatre. It 
is also known that acute/subacute SL li-
gament injuries need to be operated on 
within six weeks after the index trauma 
[88, 89]. In Sweden at least, the algorithm 
(p. 142) could save time for the patient 
(mean waiting list for MRI is 26 days), for 
the radiology department (standard MRI 
without contrast is scheduled for 45 min; 
a total of 38.5 working days) and costs 
(233,000 euros). Some 77.5% of the wrist 
MRI examinations were referred from 
non-wrist-specialised orthopaedic sur-
geons. The injuries might probably also 
be treated within the appropriate peri-
od (within four to six weeks in terms of 
SL injury) with greater awareness and a 
faster decision to perform surgery. Avoi-
ding unnecessary MRIs when wrist liga-
ment injuries are suspected and the extra 
sick leave time consumed while waiting 
for an MRI investigation can result in 
health-economic savings of more than 
1,000,000 euros (almost 10 M SEK) ever 
year in Region Västra Götaland.
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Taken together, however, as arthro-
scopic surgeons prefer definitive 
pre-operative diagnoses and prefer not 
to perform exploratory surgery, future 
research could focus on the trinity of a 
thorough history, careful physical exa-
mination and careful consideration of 
imaging studies as an aggregate, rather 
than focusing solely on the MRI report. 
In terms of the clinical relevance, it is on 
the basis of this triad that arthroscopic 
surgeons formulate a pre-operative di-
agnosis.
on the injured side compared with the 
non-injured side and TFCC injuries as 
verified by arthroscopy performed on 
the injured wrist [19]. All the consecu-
tive patients had a distinct laxity of the 
DRUJ and arthroscopically verified to-
tal TFCC injuries – 18/20 with 1B in-
juries. The peak torque strength was 
measured with the wrist in the neutral 
position once, with a minimal oppor-
tunity for patients to activate their dy-
namic secondary stabilisers. Lindau et 
al. [140] evaluated a selected cohort of 
20 patients, six patients with laxity of 
the DRUJ and 14 stable. Their measu-
rements were made three times in 30⁰ 
of ulnar deviation firmly gripping the 
handle, probably with a greater oppor-
tunity for the patients to activate the 
secondary muscle-dependent DRUJ 
stabilisers, such as the extensor carpi 
ulnaris (ECU).
The intra- and inter-rater reliability of 
the developed torque measurement 
technique in Study IV was excellent for 
both investigators measuring forearm 
rotation torque in 15 other healthy in-
dividuals.
The rationale for applying the forearm 
torque technique, instead of grip st-
rength, was logical, because the test 
directly involves the affected TFCC 
joint complex. The grip strength test 
only indirectly addresses this issue 
since the wrist actuators are able to 
stabilise the wrist position while extr-
insic and intrinsic finger flexors exert 
maximum finger flexion torque. It is 
known from previous studies [149] that 
Researchers have implied that the-
re could be a correlation between st-
rength in pronation/supination and 
TFCC injury with DRUJ instability, but 
attempts to correlate the instability of 
the DRUJ after distal radial fractures 
to loss of strength have usually failed 
[140]. The torque measurement study 
(Study IV) revealed a significant asso-
ciation between reduced peak torque 
COULD PARAMETERS OTHER 
THAN CLINICAL PROVOCATION 
TESTS BE VALUABLE IN THE 
DIAGNOSTICS AND EVALUATION 
OF WRIST LIGAMENT INJURIES?
IS IT POSSIBLE TO FURTHER 
DEVELOP A RELIABLE  
MEASUREMENT TECHNIQUE 
FOR PEAK TORQUE STRENGTH? 
DOES INJURY TO THE 
TRIANGULAR FIBROCARTILAGE 
COMPLEX COMPROMISE 
FOREARM ROTATION TORQUE? 
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tive tool in the post-operative evalua-
tion. The wrist dynamometer (Model 
BL-2000, Baseline, White Plains, NY, 
USA) used in Study IV is commercially 
available and, after development of the 
measurement technique by Peter Ax-
elsson, the method can be easily adap-
ted to the standard clinical setting and 
can now be used as an adjunct to cli-
nical tests and imaging studies.
Many factors contribute to the choi-
ce of treatment for SL injuries. Gar-
cia-Elias et al. [87] developed a set of 
five questions that provide a useful 
framework for developing a stage-ba-
sed treatment algorithm.
1.    Is the dorsal SLL intact?
2.     Does the dorsal SLL have sufficient 
tissue to be repaired?
3.    Is the scaphoid posture normal?
4.     Is any carpal malalignment redu-
cible?
5.     Is the cartilage on the radiocarpal 
and midcarpal surfaces normal?
the non-dominant left upper extremi-
ty has peak torque values between 85-
95% of the peak torque values of the 
dominant right upper extremity. This 
is perhaps one explanation of why the 
non-dominant side is most often (60-
70%) [18, 19, 221] affected when it comes 
to TFCC injury. In the clinical setting, 
the torque measurement technique 
is used exclusively when we suspect 
TFCC injury/DRUJ instability. In order 
better to isolate possible underlying 
mechanical changes in wrist joint in-
tegrity, it may be valuable to combine 
torque and grip strength in a general 
clinical approach to all patients with 
wrist problems. The rational for tes-
ting the torque in only one measure-
ment, was also logical, because several 
authors have found that testing grip 
in a single trial is as good as three or 
more, due to influence of learning and 
fatigue. According to Herzberg et al. 
[107] the first of three tests of forearm 
torque was always the strongest, both 
for pronation and supination
Theoretically, a future consequen-
ce of the torque measurement study 
could be that MRI and even diagnostic 
wrist arthroscopy could become less 
necessary in the diagnostics of TFCC 
injuries. This technique of measuring 
peak torque strength can be a valuable 
contribution when it comes to indica-
ting whether or not an indication for 
surgical treatment, especially in terms 
of a re-insertion, exists. This informa-
tion could be of great importance in 
the diagnostics and treatment of TFCC 
injuries but possibly also as an objec-
COULD OTHER 
CLASSIFICATION SYSTEMS FOR 
INTRINSIC LIGAMENT INJURIES 
(SL, LT) BE RELEVANT IN TERMS 
OF HEALING CAPACITY AND 
CHOICE OF SURGICAL 
TREATMENT? 
WHICH OTHER FACTORS 
CONTRIBUTE TO THE 
CHOICE OF TREATMENT FOR AN 
SL INJURY?
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Kitay and Wolfe [121] added one more 
question: 
Does the abnormal SL relationship in-
volve two distinct planes of deformity 
(widening and rotatory)?
According to this Thesis and Study III 
[17], we still need to take another factor 
into account. None of the questions 
above mention the different types of li-
gament rupture as a factor to consider. 
Any treatment algorithm that does not 
take account of whether the ligament 
has stretched out, ruptured, or torn off 
the bone is incomplete. In fact, for the 
treatment to be successful, it needs to 
be based on a detailed evaluation of all 
the factors influencing the outcome. 
Certainly, the type of ligament rupture 
is an important one.
The proposed classification of dor-
sal scapholunate ligament injury has 
both a descriptive and therapeutic 
value. By all accounts, different types 
of SLL injury require different types of 
surgery. If the healing potential of a 
torn SL ligament is optimal, repairing 
the lesion, if easily reduced, in order to 
recover its original functional strength 
is the most reasonable approach. This 
Thesis [20] and current opinions claim 
that repair should be performed in 
four to six weeks after the index trau-
ma [8, 49, 121, 127]. After that, the liga-
ment ends undergo fibrotic changes, 
degenerate and end up not being vi-
able to suture. In SLL injuries, Anders-
son-Garcia-Elias Types 1 and 2 with 
avulsion injuries, the time to repair 
could perhaps be extended beyond 
four to six weeks, due to better blood 
supply and ligamentous integrity to 
either the scaphoid or the lunate [35, 
93]. In particular, the 1 b injury ought 
to be preferable from the point of view 
of healing, as it contains a bony frag-
ment and is re-inserted to the dorsal 
ridge of the scaphoid, where the blood 
supply enters the scaphoid [35, 93, 117]. 
The healing potential of a torn SLL is 
probably more optimal in acute avul-
sion injuries with a bony fragment or 
in a mid-substance injury with fresh, 
but not attenuated or retracted liga-
ment ends. In these cases, an open 
repair with ligament re-attachment or 
suture repair and augmented pin fixa-
tion is the most reasonable approach 
[17, 51, 87, 131].
Bone-to-bone healing is preferable 
compared with ligament to bone [176]. 
It is also known from anatomical and 
histological studies that the blood 
supply enters the scaphoid from the 
dorsal ridge [117] and that the SL liga-
ment consists of three different parts 
[35]. The proximal part is avascular, 
but the collagen in the dorsal part is 
histologically oriented transverse-
ly and contains vessels. The different 
histological composition of the SL li-
gament may have numerous implica-
tions; the ability for biological healing 
to occur after traumatic disruption is 
one. It would therefore be attractive 
to believe in better healing capaci-
ty in Andersson-Garcia Elias Type 1 
and 2 injuries, if the vascularity in the 
radioscapholunate (RSL) ligament is 
intact, with a possibly longer accep-
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table time available for repairing su-
bacute injuries. Needless to say, this 
only happens if no static deformity 
is present and reduction is easy [87]. 
Moreover, bone-to-bone healing is 
more advantageous and preferable 
than ligament-to-bone healing [176]. 
As we know [176], bone-to-bone hea-
ling is related to faster and initially 
stronger healing compared with liga-
ment-to-bone healing, as described 
by Park et al., in 2001. The Anders-
son-Garcia-Elias Types 1b and 2b are 
therefore advantageous in terms of 
healing capacity, strength and ability 
for early controlled physiotherapeu-
tic ROM, which could theoretically 
make the rehabilitation process more 
rapid and improve the final result, in 
terms of functional outcome, such as 
less stiffness and improved strength. 
That makes the sub-classification into 
avulsion only (1a, 2a) and avulsion 
fractures (1b, 2b) useful in terms of 
the healing potential and the choice 
of surgical technique. The proposed 
classification is easy to adapt in the 
clinical setting. The Andersson-Gar-
cia-Elias classification of SL injuries 
can be used in both open and arthro-
scopic surgery and in acute, subacute 
and chronic injuries. It is also impor-
tant to keep in mind that it is easy to 
overestimate the extent of SLL injury 
and the grade of laxity using only the 
Geissler classification [92], particularly 
in patients with joint hypermobility.
Different types of SL-ligament in-
juries should probably be treated by 
different methods of surgery. While 
Type 3 mid-substance ruptures (only 
20% of the cases) may allow a direct 
repair – also by arthroscopic techni-
que, ensuring end-to-end contact of 
the two ligament stumps, Types 1 or 2 
ligament avulsions do not allow this, 
however. In fact, if the entire ligament 
has been pulled off the bone, the only 
feasible solution is to re-attach the av-
ulsed ligament to the denuded bone 
with transosseous sutures or, most 
commonly, with anchor sutures. Type 
4 injuries, involving the elongation of 
a partially ruptured SL ligament, can 
be treated by detaching the elongated 
fascicle and advancing it to a more 
distal position over the dorsolateral 
ridge of the scaphoid, including the 
augmentation of the repair with some 
sort of capsulodesis or tenodesis. In 
some of the patients who have a Type 
4 injury, arthroscopic plication may 
also be an alternative. 
An arthroscopically assisted SL caps-
uloplasty and suture may not be pos-
sible in all patients, particularly not 
when the ligament has avulsed off 
the bone (60% of the cases, Anders-
son-Garcia-Elias Types 1 and 2), lea-
ving no ligament remnant on one side 
[17]. Most patients will require liga-
ment re-attachment techniques using 
transosseous sutures, bone anchors, 
or ligament reconstruction.
157CLINICAL AND ARTHROSCOPIC ASSESSMENT OF WRIST LIGAMENT INJURIES AND INSTABILITY
QUESTIONS IN INTRODUCTION ANSWERS IN DISCUSSION
How common are wrist ligament 
injuries?
Common! A review of the literature shows that the mean value 
of concomitant wrist ligament injuries in patients with distal 
radius fracture is approximately: SL 40%, LT 20% and TFCC 60%. 
In patients with post-traumatic wrist pain after significant wrist 
trauma but normal standard radiographs, approximately 40% 
have injuries to the TFCC. In general, approximately 5% of wrist 
sprains involve an SL ligament tear.
Do isolated ligament injuries exist 
in children?
Yes, Study II shows that 21% of the children presented with 
isolated DRUJ instability and TFCC injury without any associated 
fracture or physeal injury at the time of the index trauma.
Are negative results of provocati-
ve tests sufficient to discontinue 
further diagnostic evaluation?
No, Study I shows that wrist arthroscopy is needed for diagnos-
tics of wrist ligament injuries.
Could parameters other than clini-
cal provocative tests be valuable in 
the diagnostics and evaluation of 
wrist ligament injuries?
Yes, the results in Study IV suggest that the technique for 
measuring peak torque strength can be a valuable contribution 
to indicate whether or not an indication of surgical treatment –
especially in terms of a reinsertion –exists. This information can 
be of great importance in the diagnostics and treatment of TFCC 
injuries but possibly also as an objective tool in the post-opera-
tive evaluation. 
Is it possible to further develop a 
reliable measurement technique 
for peak torque strength? 
Yes, the torque strength device used in Study IV demonstrated 
excellent inter- and intra-rater reliability and test-retest values.
Does injury to the triangular fibro-
cartilage complex compromise 
forearm rotation torque?
Yes, Study IV shows that DRUJ instability with an arthroscopically 
confirmed TFCC injury was associated with a significant loss of 
pre-operative peak torque strength in pronation and supination 
(-30%).
Are negative results of MRI 
sufficient to discontinue further 
diagnostic evaluation in terms of 
wrist ligament injuries?
No, Study I shows that wrist arthroscopy is needed for diagnos-
tics of wrist ligament injuries.
What are the costs of wrist MRIs in 
the catchment area?
The cost of wrist MRI is three times higher than that of a clinical 
examination by an experienced hand surgeon at the Department 
of Hand Surgery, Sahlgrenska University Hospital.
Could other classification systems 
for intrinsic ligament injuries (SL, 
LT) be relevant in terms of healing 
capacity and choice of surgical 
treatment?
Yes, probably. Study III shows that four different types of SL injury 
exist. The type of SL injury can probably be decisive for the choi-
ce of surgical approach and healing conditions.
Which other factors contribute to 
the choice of treatment for an SL 
injury?
According to the literature, the integrity and quality of the dorsal 
SLL, the posture of the scaphoid (widening and rotatory), carpal 
alignment and cartilage status contribute to the choice of treat-
ment for SL injury.
Table 22. Thesis in summary.
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MRI has sufficient accuracy in terms 
of scaphoid fracture [117] but not in 
terms of the diagnostics of wrist liga-
ment injuries. The initial preferred tre-
atment in all patients with significant 
wrist trauma and negative radiograp-
hic findings should therefore be that 
these patients are treated with wrist 
immobilisation and carefully followed 
up if there are persistent symptoms, 
such as pain, swelling, instability and 
reduced strength, after approxima-
tely 10 days. According to Adolfsson 
and Povlsen [8], arthroscopy should be 
considered in patients with pronoun-
ced pain and dysfunction that show 
no sign of recovery after a few weeks 
and it should probably be performed 
within three or four weeks in order to 
enable a direct repair [8, 20]. To have 
the chance to repair a significant SL or 
LT tear, the recommendation should 
be to re-examine patients who have 
marked swelling, pain and reduced 
ROM 10 days after the index trauma 
and, if needed, to perform a diagnostic 
wrist arthroscopy within four weeks.
Performing a quick MRI to rule out a 
scaphoid fracture [117] or advocating 
free mobilisation after wrist sprains 
should be regarded as hazardous in 
terms of missing wrist ligament in-
juries. Clinical provocative wrist tests 
are not feasible and appropriate early 
after trauma [8].
The skills associated with the diag-
nosis and treatment of wrist ligament 
injuries must be centred in order to 
perform the correct interventions at 
the right time for all patients with wrist 
ligament injuries and to save costs.
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Referral to
hand surgeon
- arthroscopy
within 4 weeks
Symptoms
indicate scaphoid fx
but negative
x-ray
If severe
symptoms of
wrist ligament
injury
Partial
SL/LT/TFCC
Total acute/
subacute
SL/LT
Total TFCC
Significant
wrist trauma
Clinical
examination
+ plain x-ray
wrist + scaphoid
Cast
7-10 days
* Watson’s test, Shuck test, Foveal sign, DRUJ laxity test
** At the same time
New x-ray
+ examination
incl. provocative
tests*
MRI in 1 week
Non-surgical treatment
+/- arthroscopic debridement 
Arthroscopic or open
reinsertion/suture**
TFCC injury can be treated 
urgently if severe symptoms 
and DRUJ instability, but 
most often later, if residual 
symptoms
Negative 
x-ray
No scaphoid fx
but obvious
symptoms
Figure 57. Proposed algorithm of diagnostics and treatment of wrist ligament injuries. Based on current 
literature and this Thesis.
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•  A negative result from MRI cannot rule 
out the possibility of a clinically rele-
vant injury to the SL ligament, the LT 
ligament or the TFCC. Clinical provoca-
tion wrist tests are of limited diagnostic 
value.
•  The current gold standard, wrist arthro-
scopy, remains the preferred diagnostic 
technique with sufficient conclusive 
properties when it comes to wrist liga-
ment injuries.
•  The cost of wrist MRI is three times hig-
her than that of a clinical examination.
•  Avoiding unnecessary MRIs when wrist 
ligament injuries are suspected and the 
extra sick leave time consumed while 
waiting for an MRI investigation can 
result in health-economic savings of 
more than 1,000,000 euros (almost 10 M 
SEK) every year in Region Västra Göta-
land.
•  The two most common skeletal injuries 
related to the DRUJ instability in child-
ren and adolescents are Salter-Harris 
type II fractures (1/4, 24%) and distal ra-
dius fractures (1/5, 19%). Almost a quarter 
(22%) of the secondary DRUJ instability 
in children and adolescents is caused by 
malunion or growth arrest.
•  Many children and adolescents with se-
condary DRUJ instability after trauma 
are diagnosed with isolated TFCC tears 
(21%).
•  There is often a long delay from injury 
to the diagnosis of DRUJ instability in 
children and adolescents (three years 
on average). 
•  The non-dominant side seems to be 
more commonly injured in terms of 
TFCC injury and the dominant side in 
terms of SL ligament injury, which is in 
agreement with earlier reports.
•  TFCC injuries occur especially among 
females (55% in Study II, 60% in Study 
IV) and SL ligament injuries occur es-
pecially among males (67% in Study III). 
This is in agreement with earlier reports.
•  Four distinct SL ligament injury types 
can be identified and classified.
•  This classification of SL ligament in-
juries can be used for both open and 
arthroscopic surgery and in acute, sub-
acute and chronic injuries.
•  Most of the patients (60%) with total SL 
ligament injury will require open surge-
ry with ligament re-attachment techni-
ques using transosseous sutures, bone 
anchors, or ligament reconstruction.
CONCLUSIONS
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MAIN CONCLUSIONS
Wrist arthroscopy is crucial and is still the gold standard for diagnostics of wrist ligament injuries.
Isolated TFCC injuries do exist in children.
Four types of SL injury exist – different surgical methods should be recommended in different types of 
SL injury.
TFCC injury compromises forearm torque.
Table 23. Main conclusions.
•  Distal radio-ulnar joint instability with 
an arthroscopically confirmed TFCC 
injury is associated with a 30% loss of 
pre-operative peak torque strenght in 
pronation and supination – a measure-
ment technique now easily adapted in 
the clinical pre-operative setting.
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I  It is reasonable to assume that the 
diagnostic accuracy of MRI for 
wrist ligament injuries will impro-
ve in the future. In order to impro-
ve the diagnostic strength of MRI, 
a number of prerequisites must be 
met: carefully calibrating the coil; 
specific training and interest of the 
musculoskeletal radiologist and, 
perhaps most importantly, con-
tinuous interaction between the 
clinician who performs the arthro-
scopy and the radiologist. Since 
arthroscopic and related surgeons 
prefer definitive pre-operative di-
agnoses, and prefer not to perform 
exploratory surgery, future rese-
arch could focus on the trinity of 
a thorough history, careful phy-
sical examination and thoughtful 
consideration of imaging studies 
as an aggregate, rather than focu-
sing solely on the magnetic reso-
nance imaging report. In terms of 
clinical relevance, it is on the ba-
sis of this triad that arthroscopic 
and related surgeons formulate a 
pre-operative diagnosis. Further 
research should focus on the costs 
of MRIs and on finding the most 
appropriate setting for MRI series 
for wrist ligament injuries, in con-
junction with greater accuracy in 
clinical tests performed by expe-
rienced surgeons.
II  Increased diligence is required 
when dealing with wrist trauma 
in children and adolescents, as a 
substantial amount of delayed pre-
sentation of DRUJ instability af-
ter wrist fracture and/or sprain in 
children and adolescents is found. 
This is an important message to all 
clinicians dealing with wrist trau-
ma among young people. Further 
research should focus on the diffe-
rence in outcome in terms of the 
early treatment of TFCC injury and 
DRUJ instability in children com-
pared with subsequent secondary 
surgery. The development of sur-
gical methods should also focus on 
re-insertion methods that do not 
affect and harm the growth plate.
III  A staging system for SL injuries 
was presented 10 years ago. This 
system was based on five prog-
nostic factors, including the extent 
FUTURE  
PERSPECTIVES
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of SLL rupture, reparability of the 
ligament tear, reducibility of the 
carpal displacements, status of se-
condary stabilisers and condition 
of the cartilage. None of them dis-
cussed the different types of liga-
ment rupture as a factor to consi-
der. Any treatment algorithm that 
does not take account of whether 
the ligament has stretched out, 
ruptured, or torn off the bone is in-
complete. In fact, for the treatment 
to be successful, it needs to be ba-
sed on a detailed evaluation of all 
the factors influencing the outco-
me. Certainly, the type of ligament 
rupture is an important one. This 
knowledge should be added in the 
clinical assessment of patients with 
SL injury. Attempting to establish 
correlations between the diversi-
ty of ligament failure modes and 
other factors, such as radiological 
diversity (i.e. ulnar variance, carpal 
height, lunate type), type of trauma 
and patient factors, would favour 
further professional knowledge 
and a more diverse and improved 
choice of treatment for patients. 
Further research should focus on 
assessments of the possibility and 
outcome of delayed re-insertion of 
SL Types 1 and 2 injuries. Further 
ligament reconstruction techni-
que development is also desirable.
IV  An association between the de-
crease in torque strength of app-
roximately 30% and arthroscopi-
cally diagnosed TFCC injuries has 
been established. The method can 
be easily adapted to the standard 
clinical setting and can now be 
used as an adjunct to clinical tests 
and imaging studies. However, 
numerous other factors must be 
considered in relation to the redu-
ced torque values. Further research 
should focus on testing the validi-
ty of the measurement technique. 
The patients in this cohort should 
be followed up to see whether peak 
torque strength normalises after 
the surgical repair of the TFCC. 
This would then strengthen the 
validity of the torque measure-
ment method.
V   Further studies on the costs and 
associated risks for unnecessa-
ry examinations for patients with 
suspected wrist ligament injuries 
are needed. Studies in terms of as-
sociated health economic benefits 
when implementing a strict algo-
rithm for diagnosis and treatment 
of these injuries are particularly 
desirable.
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APPENDIX 1
Appendix	1.	Data	extraction	sheat	–	Systematic	review	–	Study	I	
	
	
Author	 Year	
	
	
Study	type	/	Level	of	evidence	(CEBM)	
	
	
Sample	size	/	Follow-up	(%)	
Ligaments	 Total/Partial	
	
	
Wrist	coil	 Tesla	 MRI	examiner	
Patients	
	
	
Time	interval	between	diagn	assessments	
Material	and	methods	
	
	
	
Bias	(gender,	selection,	attrition,	confirmation)	and	limitations	
	
	
	
	
	
	
Blinding	
	
Results	
	
TFCC	
	
	
Sensitivity	 Specificity	
	
PPV	 NPV	
Results	
	
SL	
	
	
Sensitivity	 Specificity	
	
PPV	 NPV	
Results	
	
LT	
	
	
Sensitivity	 Specificity	
	
PPV	 NPV	
Arthroscopy 
TP FP 
FN TN 
MRI / 
Clinical 
test 
Arthroscopy 
TP FP 
FN TN 
MRI / 
Clinical 
test 
Arthroscopy 
TP FP 
FN TN 
MRI / 
Clinical 
test 
Data extraction sheat  
– Systematic review – Study I
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PubMed
APPENDIX 2 Electronic search strategies  – Study I 
	
Appendix	2	–	Study	I	
Electronic	search	strategies	
	
PubMed	
	
April	3,	2014	
Wrist + MRI, 278 hits 
Search Query Hits 
#19 Search #14 NOT #17 Filters: English 278 
#18 Search #14 NOT #17 331 
#17 Search #15 OR #16 5132061 
#16 Search ((animals[mh]) NOT (animals[mh] AND humans[mh])) 3874066 
#15 Search Editorial[ptyp] OR Letter[ptyp] OR Comment[ptyp] 1307281 
#14 Search #11 AND #12 AND #13 340 
#13 Search magnetic resonance imaging[mesh] OR (magnetic[tiab] AND resonance[tiab] AND 
imag*[tiab]) OR MRI[tiab] OR (mr[tiab] AND imag*[tiab]) 
384429 
#12 Search tfcc[tiab] OR triangular fibrocartilage complex OR lunotriquetral OR interosseous OR 
scapholunate OR lt[tiab] OR sl[tiab] OR ltil[tiab] OR slil[tiab] OR wrist ligament*[tiab] 
22906 
#11 Search "Wrist Joint"[Mesh] OR "Wrist"[Mesh] OR wrist[tiab] OR tear[tiab] OR tears[tiab] OR 
injury[tiab] OR injuries[tiab] OR rupture[tiab] OR ruptures[tiab] OR sprain[tiab] OR sprains[tiab] 
615512 
 
Wrist + clinical tests, 205 hits 
Search Query Hits 
#17 Search #12 NOT #15 Filters: English 205 
#16 Search #12 NOT #15 226 
#15 Search #13 OR #14 5132061 
#14 Search ((animals[mh]) NOT (animals[mh] AND humans[mh])) 3874066 
#13 Search Editorial[ptyp] OR Letter[ptyp] OR Comment[ptyp] 1307281 
#12 Search #1 AND #11 229 
#11 Search watson's test OR scaphoid shift test OR finger extension test OR shuck test OR 
lunotriquetral ballottement test OR lt ballottement test OR derby wrist test OR foveal sign OR 
DRUJ instability test OR clinical test*[tiab] OR clinical wrist test*[tiab] 
10404 
#1 Search "Wrist Joint"[Mesh] OR "Wrist"[Mesh] OR wrist[tiab] OR carpal instability OR tfcc[tiab] OR 
triangular fibrocartilage complex OR lunotriquetral OR interosseous OR scapholunate OR lt[tiab] 
OR sl[tiab] OR ltil[tiab] OR slil[tiab] OR wrist ligament*[tiab] 
50533 
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EMBASE	(OvidSP)	
1980	to	present	
April	3,	2014	
 
Wrist + MRI, 306 hits 
Search Query Hits 
1 (wrist or tear$1 or injur$3 or rupture$1 or sprain$1).ti,ab. 753524 
2 exp wrist/ 16308 
3 exp wrist injury/ 3793 
4 1 or 2 or 3 759322 
5 exp triangular fibrocartilage/ 241 
6 (tfcc or triangular fibrocartilage complex or lunotriquetral or interosseous or scapholunate or lt 
or sl or ltil or slil or wrist ligament$1).ti,ab. 
39559 
7 5 or 6 39637 
8 exp nuclear magnetic resonance imaging/ 519418 
9 (magnetic adj3 resonance adj3 imag$3).ti,ab. 175474 
10 MRI.ti,ab. 203761 
11 (mr adj3 imag$3).ti,ab. 54423 
12 8 or 9 or 10 or 11 558289 
13 4 and 7 and 12 440 
14 limit 13 to (english and (article or conference paper or note or "review")) 306 
 
Wrist + clinical tests, 92 hits 
Search Query Hits 
1 exp wrist/ 16308 
2 exp wrist injury/ 3793 
3 exp triangular fibrocartilage/ 241 
4 (tfcc or triangular fibrocartilage complex or lunotriquetral or interosseous or scapholunate or lt 
or sl or ltil or slil or wrist ligament$1 or wrist or carpal instability).ti,ab. 
65743 
5 1 or 2 or 3 or 4 72139 
6 (watson's test or scaphoid shift test or finger extension test or shuck test or lunotriquetral 
ballottement test or lt ballottement test or derby wrist test or foveal sign or DRUJ instability test 
or clinical test$3 or clinical wrist test$3).ti,ab. 
11961 
7 5 and 6 137 
8 limit 7 to (english and (article or conference paper or note or "review")) 92 
 
  
EMBASE (OvidSP) 
1980 to present
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The	Cochrane	Library		
	
April	4,	2014	
 
Wrist + MRI, 66 hits 
Cochrane other reviews: 4 
Trials: 61 
Economic evaluations: 1 
 
 
Wrist + clinical tests, 285 hits 
Cochrane other reviews: 8 
Trials: 277 
Search Query Hits 
#1 MeSH descriptor: [Wrist Joint] explode all trees 187 
#2 MeSH descriptor: [Wrist] explode all trees 233 
#3 wrist or carpal instability or tfcc or triangular fibrocartilage complex or lunotriquetral or interosseous 
or scapholunate or lt or sl or ltil or slil:ti,ab,kw  (Word variations have been searched) 
3026 
#4 #1 or #2 or #3  3026 
#5 watson's test or scaphoid shift test or finger extension test or shuck test or lunotriquetral 
ballottement test or lt ballottement test or derby wrist test or foveal sign or DRUJ instability test or 
clinical test* or clinical wrist test*:ti,ab,kw  (Word variations have been searched) 
56240 
#6 #4 and #5  285 
	
Search Query Hits 
#1 MeSH descriptor: [Wrist] explode all trees 233 
#2 MeSH descriptor: [Wrist Joint] explode all trees 187 
#3 wrist or tear or tears or injury or injuries or rupture or ruptures or sprain or sprains  31473 
#4 #1 or #2 or #3  31473 
#5 tfcc or triangular fibrocartilage complex or lunotriquetral or interosseous or scapholunate or lt or sl 
or ltil or slil or wrist:ti,ab,kw  (Word variations have been searched) 
3024 
#6 #4 and #5  1904 
#7 MeSH descriptor: [Magnetic Resonance Imaging] explode all trees 5552 
#8 magnetic resonance imag* or MRI or MR:ti,ab,kw  (Word variations have been searched) 9465 
#9 #7 or #8  9594 
#10 #6 and #9  66 
The Cochrane Library 
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APPENDIX 3 Wrist arthroscopy protocol  – Study II, III and IV.
Artroskopiprotokoll 
  
 
Namn, personnummer   NR Operatör 
 
     Sida 
Operationsdatum     
 
Radiocarpalt 
 
Radius-scaphoideumfasett  
Radius-lunatumfasett  
Scaphoideums broskyta  
Lunatum  
Triquetrum  
Caput ulna (vid TFCC perforation)  
 
 
RSC  
LRL  
SRL  
Ulnocarpala ligament (UL, UT)  
TFCC  
 
SL   
LT   
 
Synovit 
 
 
Midcarpalt 
 
SL-led   
LT-led  
 
Broskyta hamatum (HALT)  
Broskyta capitatum  
Broskyta STT  
Broskyta scaphoideum  
Broskyta lunatum (typ I/II)   
Broskyta triquetrum  
 
 
 
 
Synovit __________________________ 
 
 
 
   
  
 
Intrinsic ligament (SL, LT) (Lindau) 
 Midcarpal 
diastas 
A-skopi 
step-off 
0 – Normal 0 0 
1 – Hematom/Distension 0 0 
2 – Som 1 o/el partiell 
      ruptur 
 
0-1 mm < 2 mm 
3 – Partiell el total ruptur 1-2 mm < 2 mm 
4 – Total ruptur > 2 mm  > 2 mm 
Extrinsic ligament (RSC, LRL, SRL UL, UT) 
0 – Normalt 
1 – Skadat 
Synovit   
0 – Ingen 
1 – Förekomst (+ lokalistation) 
Brosk (Outerbridge) 
0 – Normalt 
1 – Mjukt (svullet, missfärgat) 
2 – Fibrillationer 
3 – Krackeleringar 
4 – Blottat ben 
 
TFCC (Palmers klassifikation) 
0     – Normal 
1 A – Central perforation (minst 1 mm kvar   
          av menisk fram till sigmoid notch) 
1 B – Ulnar avulsion (Hooktest, 
          Trampolineffekt/Vågfenomen) 
1 C – Volar, distal avulsion 
1 D – Radial avulsion (Dorsala och volara 
          portionen av RU-lig. avlöst från radius) 
 
2 A – Tunn TFCC centralt 
2 B – Tunn TFCC centralt + degenerativa 
          broskförändringar  på lunatum eller  
          caput ulna 
2 C – Central TFCC-perforation +  
          broskförändringar enligt 2 B. 
2 D – Som 2 C + LT-skada 
2 E – Som 2 D + UC-artros 
ÖVRIGT 
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Markera lokalisation och typ av skada.
